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STUDIES  IN  EXPERIMENTAL  ALCOHOLISM. 


By  Reid  Hunt. 

Chief  of  the  Division  of  Pharmacology,  Hygienic  Laboratory,  U.  S.  Public  Health  and 

Marine- Hospital  Service. 


I. 

THE  EFFECT  OF  ALCOHOLISM  UPON  RESISTANCE  TO  ACETONITRILE. 

Summary. — In  the  following  experiments  it  is  shown  that  animals  to  which  alcohol 
has  been  administered  for  some  time  acquire  an  increased  susceptibility  to  a definite 
poison  (acetonitrile) ; this  occurs  after  the  administration  of  amounts  of  alcohol  far  too 
small  to  ever  cause  indications  of  intoxication  and  from  doses  which  almost  certainly 
cause  no  anatomical  lesions  which  could  be  detected  by  present  methods.  It  is  shown 
that  this  increased  susceptibility  is  not  due  to  a general  “lowering  of  resistance”  but 
is  associated  with  a distinctly  increased  power  of  the  body  to  break  up  the  molecule  of 
acetonitrile;  reasons  are  given  for  believing  that  this  increased  breaking  up  of  the 
acetonitrile  depends  upon  increased  powers  of  oxidation  on  the  part  of  the  body. 

It  is  believed  that  these  experiments  afford  clear  experimental  evidence  for  the  view 
that  extremely  moderate  amounts  of  alcohol  may  cause  distinct  changes  in  certain 
physiological  functions  and  that  these  changes  may,  under  certain  circumstances,  be 
injurious  to  the  body.  The  results  also  afford  further  evidence  that  in  some  respects 
the  action  of  alcohol  as  a food  is  different  from  that  of  carbohydrates,  and  finally  that 
in  all  probability  certain  physiological  processes  in  “moderate  drinkers”  are  distinctly 
different  from  those  in  abstainers. 

The  effects  upon  man  of  the  moderate  use  of  alcohol  have  long  inter- 
ested pathologists  and  physiologists  as  well  as  clinicians.  The  earlier 
efforts  to  solve  this  problem  were  made  by  pathological  anatomists. 
After  the  anatomical  changes  resulting  from  the  excessive  use  of  alco- 
hol had  been  recognized,  pathologists  turned  their  attention  to  the 
effects  of  smaller  amounts  of  alcohol;  for  this  purpose  many  experi- 
ments were  made  upon  the  lower  animals,  for  it  seemed  probable  that 
in  this  way  better  material  for  study  could  be  obtained  than  from 
human  subjects.  As  Professor  Welch®  points  out,  these  anatomical 
studies  on  experimental  alcoholism  have,  however,  been  distinctly 
disappointing  and  throw  but  little  light  on  functional  disturbances. 


“Physiological  Aspects  of  the  Liquor  Problem,  Yol.  II. 
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This  is  true  notwithstanding  the  fact  that  animals  were  given  intox- 
icating doses  daily  for  years.  Thus  the  experiments  on  swine  of 
Dujardin-Beaumetz  and  Audige  (1879-1884)  extending  over  several 
years  were  practically  negative.  In  Friedenwald’s  experiments,  car- 
ried out  in  Welch’s  laboratory,  rabbits  wwe  given  intoxicating  doses 
of  alcohol  for  long  periods — sometimes  for  years;  the  results  w^ere 
stated  by  Welch  to  be  meager.  Doctor  Welch  further  states,  ‘‘Xo 
systematic  experiments  have  been  made  to  determine  the  pathological 
effects  on  animals  of  the  long-continued  use  of  alcohol  in  quantities 
so  small  as  to  produce  no  manifest  s}unptoms  of  intoxication;  but 
in  view^  of  the  comparatively  meager  results  in  the  experiments 
wdth  moderate  intoxicating  doses,  it  seems  improbable  that  experi- 
ments of  the  former  character  w'ould  yield  positive  results,”  and,  fur- 
ther, that  from  the  clinical  side,  however,  ‘instances  have  been 
reported  in  increasing  numbers  in  recent  years  of  the  occurrence  of 
diseases  of  the  circulatory,  renal,  and  nervous  systems,  reasonably 
or  positively  attributed  to  the  use  of  alcoholic  liquors  in  persons 
w'ho  regarded  themselves,  or  wwe  regarded  by  others,  as  moderate 
drinkers.”  In  many  cases  the  injury  was  latent,  and  only  manifested 
itself  as  the  result  of  some  accident  or  of  an  acute  febrile  disease. 
The  relation  of  alcoholic  liquors  to  gouty  manifestations  has  long 
been  recognized,  as  well  as  the  increased  liability  of  alcoholics  to 
contract  certain  diseases  or  to  contract  them  in  especially  severe  form. 
Much  has  also  been  wTitten,  from  both  the  clinical  and  experimental 
side,  on  the  relation  of  alcohol  to  infection;  the  results,  which  are,  as 
yet,  not  very  concordant  have  recently  been  summarized  by  Meltzer.® 
In  most,  if  not  all,  of  this  experimental  work  the  alcohol  w^as  given  in 
intoxicating  doses. 

In  a series  of  experiments  to  be  described  in  this  paper  I have  found 
profound  modifications  of  certain  physiological  processes  to  result  in  a 
comparatively  short  time  from  doses  of  alcohol  so  small  that  indica- 
tions of  intoxication  never  occurred.  So  far  as  I am  aware  this  is  the 
first  series  of  experiments  in  which  distinct  physiological  changes  have 
been  found  to  result  from  what  may  be  called  the  strictly  moderate 
use  of  alcohol.  Although  there  may  be  some  doubt  as  to  the  exact 
explanation  of  the  results  I have  obtained,  any  positive  results  in  this 
field  may  prove  of  interest. 

Before  describing  these  experiments,  how^ever,  a fewr  wmrds  may 
be  said  upon  the  more  general  effects  of  alcohol  upon  the  metabolism. 
The  views  upon  this  subject  and  especially  upon  the  effect  of  alcohol 
upon  physiological  oxidations  have  undergone  great  changes  in  the 

«Brit.  Med.  Journ.,  Xov.  24,  1906,  p.  1463;  see  also  Meltzer,  Amer.  Med.,  vol.  4, 
p.  60;  1902,  and  Trommsdorff,  Arch.  f.  Hyg.,  vol.  59,  p.  1;  1906. 
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last  few  years,  but  it  may  be  safely  said  that  the  older  views  are  still 
generall}^  current  in  medical  circles  and  medical  literature.  Thus, 
the  belief  was  formerly  quite  general  that  alcohol  has  a specific  action 
in  retarding  the  metabolism  of  body  material,  both  fat  and  proteid; 
alcohol  in  moderate  quantities  was  said  to  prevent  waste”  or  ‘‘con- 
serve the  tissues.”  Thus,  the  obesity  so  often  found  in  alcoholics 
was  attributed  to  a direct  interference  with  the  oxidation  of  fats ; the 
increased  excretion  of  uric  acid,  observed  after  alcohol,  was  attrib- 
uted to  diminished  oxidation — the  view  then  being  held  that  urea 
was  normally  formed  from  uric  acid  and  that  the  processes  of  oxida- 
tion involved  were  retarded  by  alcohol.  “Later  as  the  functions  of 
the  nonnitrogenous  nutrients  of  food  came  to  be  better  understood 
and  the  fact  established  that  alcohol  is  oxidized,  as  they  (the  non- 
nitrogenous nutrients)  are,  in  the  body,  became  fully  established, 
the  view  has  become  common  that  its  effect  in  retarding  or  pro- 
tecting metabolism  is  to  be  explained  by  its  action  as  food  rather 
than  as  a drug — that,  in  other  words,  it  tends,  by  its  ovm  oxidation, 
to  prevent  the  oxidation  of  other  materials.”  ® According  to  these 
newer  views  the  obesity  is  due  to  an  excess  of  food;  i.  e.,  the  food 
remains  unoxidized  not  because  the  body  is  rendered  incapable  of 
oxidizing  it,  but  because  an  excess  of  more  easil}^  oxidizable  food  is 
pro^dded.^  The  argument  of  diminished  oxidation  based  on  the 
increased  excretion  of  uric  acid  is  still  supported,  but  in  a form  very 
different  from  the  original.  As  this  is  about  the  onl}"  specific  instance  ^ 
in  which  such  an  action  is  attributed  to  alcohol  a few  words  may  be 
devoted  to  it.  A brief  review  of  the  current  views  on  the  formation 
of  uric  acid  will  make  this  supposed  relation  clear.  Uric  acid  is 
believed  to  arise  from  the  nucleic  acids  of  either  the  food  or  the  tissue 
(and  from  h^^poxanthin,  of  unknown  origin,  of  the  muscle),  that 
having  the  former  origin  being  the  “exogenous,”  that  of  the  latter, 
the  “endogenous,”  uric  acid.  A specific  intracellular  enzyme — 
nuclease — hydrolyzes  nucleic  acids  with  the  production  of  purin 
bases  and  other  substances;  the  guanin  and  adenin  thus  formed  are 
transformed  under  the  influence  of  other  specific  enzymes — guanase 
and  adenase — into  xanthin  and  h^^poxanthin,  respectively;  hypoxan- 
thin  is  converted,  by  means  of  an  oxidase,  into  xanthin  and  this,  by 

“Atwater,  Physiological  Aspects  of  the  Liquor  Problem,  Vol.  II. 

& Bunge  attributes  the  effect  of  alcohol  in  causing  obesity  to  its  effect  upon  the  brain 
which  makes  the  person  indisposed  to  muscular  exercise  (Leheb.  der  physiol,  v.  2,  p. 
538,  1905. 

c The  experiments  of  Simonowsky  and  Schoumoff  (Pfliiger’s  Archiv,  v.  33,  p.  251; 
1883-84)  on  the  inhibiting  action  of  alcohol  upon  the  oxidation  in  the  body  of  benzol 
to  phenol  are  often  quoted;  apparently,  however,  no  conclusions  can  be  drawn  from 
them  on  account  of  the  inexactness  of  the  method  used  for  determining  the  phenol. 
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further  oxidation,  into  uric  acid.®  Thus,  one  factor  in  the  amount 
of  uric  acid  excreted  is  the  extent  to  which  these  changes  of  hydroly- 
sis and  oxidation  occur.  The  other  factor  is  the  extent  to  which 
the  uric  acid  so  formed  is  further  oxidized,  for  many  organs  have 
been  sho^\m  to  contain  an  oxidase  capable  of  destroying  uric  acid. 
Alcohol  administered  mth  purin-containing  foods  increases  the  out- 
put of  uric  acid  in  the  urine  ^ and  the  accepted  explanation  of  this  is 
that  this  increased  output  occurs  because  the  alcohol  inhibits  the 
oxidation  of  the  uric  acid.  This  explanation  probably  accords  best 
wdth  the  facts  at  present  kno^\m,  especially  if  certain  of  the  views  of 
Burian  and  Schur  in  regard  to  the  ‘^integral  factor”  be  accepted. 
Still  there  are  so  many  unknovm  factors  in  nucleic  acid  metabolism  ^ 
that  another  explanation  of  the  effect  of  alcohol  does  not  seem  to  be 
entirely  impossible,  namely,  that  alcohol  increases  the  activity  of  the 
enzymes  (hydrolytic  or  oxidizing,  or  both)  by  which  the  uric  acid  is 
formed  or  it  might  be  supposed  to  accelerate  the  formation,  in 
muscle,  of  hypoxanthin  which  is  subsequently  converted  into  uric 
acid.  Further,  on  the  explanation  that  alcohol  inhibits  the  oxida- 
tion of  uric  acid,  it  is  difficult  to  see  why  it  should  not  inhibit  that  of 
endogenous  origin  also,  for  it  is  not  believed  that  all  of  that  formed 
is  normally  excreted.^ 


o These  reactions  are  expressed  by  W.  Jones  in  the  folloTving  scheme; 


Nucleic  acid 


phosphoric  acid, 
levulinic  acid, 
pyi’imidine  deriva- 
tives, carbohydrate. 


uric  acid 


purin  deriA’atives 


guanin 


03 

p 

p 

Q 


xanthin 


adenin 

p 


h\’poxanthin 


xantho-oxidase 

& Beebe,  Amer.  Jour.  Physiol.,  v.  12,  p.  13;  1904.  Cf.  also  Eschenburg  (Munch, 
med.  AVoch.,  1905,  p.  2265),  who  obtained  similar  results  with  a patient  suffering  with 
gout;  Rosenfeld,  Einfluss  des  Alcohols  auf  den  Organismiis;  Pringsheim,  Zeit.  fur 
physikal.  und  diat.  Therapie,  v.  10,  p.  284;  1906. 

c Kossell  and  Steudel,  for  example,  have  suggested  that  certain  pyrimidine  bodies 
may  be  converted  into  uric  acid. 

Burian  (Hoppe-Seyler’s  Zeitschr.,  v.  43,  p.  528;  1905)  found  tartronic,  dialuric 
and  salicylic  acids  to  accelerate  the  conversion  of  purin  bases  into  uric  acid  in  extracts 
of  the  liver  of  the  beef.  Rockwood,  at  the  December  (1906)  meeting  of  the  American 
Chemical  Society,  reported  experiments  in  which  an  increased  output  of  endogenous 
uric  acid  was  found  to  follow  the  administration  of  sodium  salicylate. 

« In  any  case  the  experiments  quoted  above  are  not  conclusive  as  regards  the  effects 
of  the  habitual  use  of  alcohol,  for  they  were  made  upon  those  unaccustomed  to  the  use 
of  alcohol  and  were  of  but  a few  days’  duration.  In  chronic  alcoholism,  Poliak  (Dtsch. 
Arch.  f.  klin.  Med.,  v.  88,  p.  224;  1906)  found  a retention,  or  delayed  excretion,  of  uric 
acid  after  the  administration  of  nucleic  acid. 
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In  fact,  both  Rosenfeld  and  Pringsheim  (who  did  not,  however,  take 
into  consideration  the  difference  in  the  effect  of  alcohol  upon  the  endo- 
genous and  exogenous  uric  acid)  attributed  the  increased  excretion  of 
uric  acid,  following  the  administration  of  alcohol,  to  an  increased 
destruction  of  nucleic  acid-containing  proteids.  In  his  striking  way, 
Rosenfeld  said  that  alcohol  h}’pocritically  spared  the  ordinary  pro- 
teids that  it  might  rage  all  the  more  fiercely  among  the  nucleo- 
proteids  without  betraying  itself  in  the  nitrogen  equilibrium.” 

This  is  mentioned  simply  to  show  that  there  seem  to  be  no  facts 
which  necessarily  point  to  alcohol,  in  small  amounts,  having  an  inhib- 
iting effect  upon  physiological  oxidations.  In  fact,  as  our  knowledge 
concerning  specific  cases  of  oxidation  in  the  body  increases,  it  becomes 
more  and  more  apparent  that  the  commonly  used  expressions  that  a 
substance  ‘‘accelerates”  or  “retards”  physiological  oxidation  are  far 
too  general. 

Thus  there  is  more  and  more  a tendency  to  discuss  the  effects  of  sub- 
stances upon  specific  cases  of  oxidation,  and  I have  been  led  to  believe 
that  alcohol  probably  causes  increased  oxidation  in  some  cases.  The 
substance  with  which  I have  chiefiy  experimented  in  this  connection 
is  acetonitrile.  This  substance  may  seem  at  first  to  have  a purely 
theoretical  interest,  but  from  a long  series  of  experiments  with  it  I 
have  been  led  to  the  conclusion  that  a thorough  study  of  its  conduct 
in  the  animal  body  may  throw  light  upon  a number  of  obscure  proc- 
esses of  metabolism.®  Ghemicall}^,  acetonitrile  (GH3GN),  or  methyl 
cyanide,  may  be  considered  as  hydrocyanic  acid  in  winch  the  hydro- 
gen atom  has  been  replaced  by  the  methyl  group.  Both  chemically 
and  physiologically,  however,  acetonitrile  is  very  different  from  hydro- 
cyanic acid,  although  it  is  almost  certain  that  its  physiological  action 
is  due  to  the  slow  liberation  of  hydrocyanic  acid  in  the  body. 

So  far  as  I am  aware  acetonitrile  has  never  been  found  in  nature, 
although  it  has  long  been  supposed  that  analogous  compounds  occur 
in  living  protoplasm,  and  importance  has  been  attributed  to  them  in 
certain  disorders  of  metabolism. 


« The  thyroid,  for  example,  is  quite  generally  supposed  to  have  the  power  of  effecting 
the  neutralization  of  certain  poisons  of  metabolic  origin.  These  poisons  are,  however, 
purely  hypothetical,  and  the  only  known  poison  toward  which  the  thyroid  has  been 
shown  to  have  an  antidotal  action  is  acetonitrile.  In  a previous  paper  (Journ.  Biolog. 
Chem.,  vol.  1,  p.  33;  1905)  I have  shown  that  animals  to  which  small  doses  of  thyroid 
have  been  administered  for  a short  time  will  survive  the  injection  of  several  times  the 
fatal  dose  of  acetonitrile.  The  explanation  of  this  action  is  not  known;  if  it  were  it 
would  almost  certainly  throw  much  light  on  the  physiology  of  the  thyroid.  It  may 
also  be  noted  in  this  connection  that  the  feeding  of  parathyroids  does  not  have  such 
an  effect;  on  the  contrary,  it  slightly  increases  the  susceptibility  to  acetonitrile.  This 
affords  another  illustration  of  the  fact  that  the  thyroid  and  parathyroids  have,  in  some 
respects  at  least,  very  different  physiological  effects. 
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Ghemically  the  nitriles  are  chiefly  characterized  by  their  ability  to 
unite  with  water,  with  the  formation  of  corresponding  organic  acids 
and  ammonia.  In  fact,  this  is  one  of  the  most  usual  methods  of  pre- 
paring many  organic  acids  in  the  laboratory.  Acetonitrile,  for 
^ example,  reacts  with  water  in  the  presence  of  an  alkali  or  acid,  forming 
acetic  acid  and  ammonia: 

CH3GX  + 2H2O  = GH3GOOH  + XH3. 

Giacosa,  one  of  the  earliest  experimenters  on  this  subject,  thought 
that  a similar  reaction  occurred  in  the  animal  body.  He  based  this 
belief  upon  the  fact  that  the  urine  of  animals,  poisoned  with  acetoni- 
trile, gives  a red  color  with  ferric  chloride.  It  was  soon  foimd,  how- 
ever, that  the  substance  giving  this  color  was  not  acetic  acid,  but  sul- 
phocyanic  acid — HGXS.®  It  was  also  found  that  hydrocyanic  acid, 
when  administered  to  animals,  reappeared  iu  part  in  the  uriue  as 
sulphocyanic  acid.  This  observation  led  to  the  interestiug  experi- 
ments on  the  antidotal  action  of  certain  sulphur  compounds  toward 
hydrocyanic  acid,  and  to  the  suggestion  of  a form  of  treatment  of 
hydrocyanic  acid  poisoning,  which  would  probably  be  the  best  yet 
proposed,  if  it  could  be  given  promptly  enough. 

The  discovery  of  sulphocyanic  acid  in  the  urine  after  the  adminis- 
tration of  acetonitrile  (and  some  other  nitriles)  was  the  beginning  of 
our  real  pharmacological  knowledge  of  acetonitrile.  It  showed  that 
the  changes  undergone  by  this  substance  in  the  body  are,  in  some 
respects  at  least,  entirely  different  from  those  which  take  place  in 
,the  test  tube;  in  vitro,  acetic  acid  is  formed;  in  the  organism  hydro- 
cyanic acid  is  produced,  and  this  subsequently  unites  with  sulphiu*  to 
^ form  sulphocyanic  acid.  The  poisonous  effects  of  acetonitrile  are 
thus  attributed  to  the  slow  formation  of  hydrocyanic  acid.  The 
; methyl  group  of  acetonitrile  appears  in  the  urine  as  formic  acid.  The 
process  bv  which  hvdrocvanic  acid  is  formed  from  acetonitrile  does 
not  seem  to  have  been  discussed  by  former  ^vriters.  The  most  natural 
supposition  would  be  that  there  is  a simple  hydrolysis  of  the  acetoni- 

aThe  literature  on  the  pharmacology  of  aceto-  and  other  nitriles  can  be  found  by 
consulting  the  following ; 

Pelikan,  Beitrage  zur  gericht.  Med.,  Toxikol.  und  PharmacodAmamik,  Wurzburg, 
1858,  p.  93. 

Giacosa,  Zeitschr.  f.  physiol.  Chem.,  v.  8,  p.llO;  1883-1884  . 

Lang,  Arch.  exp.  Path,  und  Pharmakol.,  v.  34,  p.  247 ; 1894. 

Hejunans  und  Masoin,  Arch.  int.  de  Pharmacodynamie,  v.  3,  pp.  77,  359;  v.  7,  p.  297 ; 
V.  8,  p.  1;  Joum.  of  Physiol.,  v.  23,  suppl.  p.  23. 

Yerbrngge,  Arch.  int.  de  Pharmacod^Tiamie,  v.  5,  p.  161;  1899. 

Meurice,  ibid.,  v.  7,  p.  11;  1900. 

Piquet,  ibid.,  v.  7,  p.  307;  1900. 

Hunt,  ibid.,  v.  12,  p.  447;  1904^  Journal  of  Biolog.  Chem.,  v.  1,  p.  33,  1905. 

Brissemort,  C.  R.  Soc.  Biol.,  y.  60,  p.  54;  1906, 


11 


trile  with  the  formation  of  methyl  alcohol  on  the  one  hand  and  hydro- 
cyanic acid  on  the  other,  according  to  the  equation 

CH3CN  + H3O  = CH3OH  + HCN. 

Such  a reaction  has  not  been  obtained  by  chemical  processes  outside 
of  the  body,  and  we  have  no  reason  to  suppose  that  it  can  occur  within 
the  body.®  A study  of  a number  of  related  nitriles  led  me  to  form 
another  conception  of  the  process  by  which  the  hydrocyanic  acid  is 
formed.  On  comparing  the  toxicity  of  a number  of  nitriles  I noticed 
that  there  is  a relation  between  the  degree  of  toxicity  and  the  ease 
with  which  the  hydrocarbon  residue,  to  which  the  cyanogen  group  is 
lunited,  is  oxidized  in  the  body.  Thus  acetonitrile  is  the  least  poison- 
ous of  the  series  of  aliphatic  nitriles  studied ; the  methyl  group  is  the 
most  difficult  of  the  hydrocarbon  residues  in  these  compounds  for 
the  body  to  oxidize.  Proprionitrile  (C2H5CN)  is  many  times  more 
poisonous  than  acetonitrile;  the  ethyl  group  (CgH.)  is  readily  oxidized 
in  the  body.  After  the  administration  of  acetonitrile,  formic  acid 
(a  product  of  the  oxidation  of  the  methj^l  group)  is  found  in  the  urine; 
this  shows  that  the  oxidation  is  incomplete;  after  proprionitrile,  the 
urine  contains  no  formic  (or  acetic)  acid,  the  ethyl  group  having  been 
completely  oxidized.  The  difference  in  the  ease  of  oxidation  of  the 
methyl  and  ethyl  groups  is  most  strikingly  illustrated  by  the  fate  in 
the  body  of  ethyl  and  methyl  alcohol,  respectively.  Ethyl  alcohol, 
even  when  administered  in  comparatively  large  doses  to  man  or  other 
animals,  is  completely  oxidized  within  a few  hours;  meth3d  alcohol, 
on  the  other  hand,  even  in  small  amounts,  is  imperfect^  oxidized,  and 
the  process  extends  over  days  instead  of  hours — a fact  which  led 
pharmacologists  ^ to  utter  a word  of  warning  concerning  the  use  of 
methyl  as  a substitute  for  eth}^l  alcohol  years  before  there  was  a single 
well-kno^vn  case  of  poisoning  by  it  in  man,  a warning  recently  justified 
by  the  hundreds  of  cases  of  death  and  blindness  caused  by  this 
substance.^ 

Having  formed  the  conception  that  hydrocyanic  acid  is  liberated 
from  acetonitrile  through  the  oxidation  of  the  methyl  group, I began 
experiments  to  determine  the  effects  upon  the  toxicity  of  the  nitrile, 

® The  formation  of  hydrocyanic  acid  from  nitroprussiate  of  soda,  on  the  other  hand, 
is  probably  the  result  of  a hydrolytic  cleavage  (Carquet,  These,  Montpelier,  1903). 

b See  Hunt,  Johns  Hopkins  Hospital  Bulletin,  XIII,  p.  213;  1902. 

c See  Buller  and  Wood,  Jour.  Amer.  Med.  Assoc.,  Oct.,  1904. 

d An  analogy  to  this  supposed  mode  of  decomposition  is  that  of  ammonium  chloride 
in  rabbits.  Pohl  and  Miinzer  (Arch.  f.  exp.  Path.  u.  Pharm.,  v.  43,  p.  28)  found  that 
when  this  substance  was  administered  to  rabbits  the  ammonia  was  converted  into  urea 
while  the  hydrochloric  acid  was  liberated  and  the  animals  died  of  acid  intoxication;  the 
fatal  dose  of  the  ammonium  chloride  corresponded  closely  to  the  equivalent  amount 
of  hydrochloric  acid.  In  a similar  manner  Kohn  and  Czapek  (Hofmeister’s  Beit.,  v.  8, 
p.  302;  1906)  explain  the  injurious  effects  of  certain  salts  upon  the  growth  of  fungi. 
Some  fungi  use  up  the  kations  and  the  organisms  become  poisoned  by  the  acids  formed 
from  the  anions;  others  use  up  the  anions  and  become  poisoned  by  the  alkalies  formed 
from  the  kations. 
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of  various  agents  currently  supposed  to  influence  physiological  oxida- 
tions. One  of  the  first  substances  studied  in  this  connection  was 
alcohol.  Although  familiar  with  the  view  that  alcohol  dirninishes 
oxidation,  I was  led  to  the  hypothesis  that  oxidation  in  this  case  would 
be  increased.  This  reasoning  was  based  on  a consideration  of  the 
probable  cause  of  tolerance  for  alcohol.  It  is  rather  striking  that  so 
little  attention  has  been  paid  to  this  factor  in  alcoholism.  Although 
tolerance  is  one  of  the  most  familiar  facts  m connection  with  alcohol, 
I could  find  no  reference  to  it  m a bibliography  on  alcohol  covering 
several  hundred  pages.  One  of  the  few  drugs  studied  from  the  stand- 
point of  tolerance  is  morphine.  Faust  “ found  that  the  establishment 
of  tolerance  for  morpliine  was  accompanied  b}^  an  increased  power  on 
the  part  of  the  organism  to  destroy  (oxidize)  morphine,  and  he  attrib- 
uted the  tolerance  to  this  power It  seemed  reasonable  to  suppose 
that  the  tolerance  for  alcohol  is  accompanied  by  a similar  increased 
power  on  the  part  of  the  body  to  oxidize  alcohol  and  it  was  but  a fur- 
ther step  to  suppose  that,  if  the  body  became  increasingly  capable  of 
oxidizing  alcohol,  it  would  also  oxidize  alkyl  groups  in  general,  such 
as  the  methyl  group,  more  readily.  If  this  should  occur  with  the 
methyl  group  of  acetonitrile,  then  animals  accustomed  to  alcohol 
should  be  especially  susceptible  to  this  nitrile.  Such  was  found  to 
be  the  case.  Animals  which  had  received  for  a few  weeks  or  months 
small  amounts  of  alcohol — amounts  far  too  small  to  ever  cause  any 
indications  of  intoxication — succumbed  to  doses  of  acetonitrile  which 
produced  no  symptoms  in  the  controls  which  had  received  no  alcohol. 
These  seem  to  be  the  first  experiments  in  which  marked  functional 
disturbances  have  been  found  in  animals  which  may  be  compared  to 
strictly  moderate  drinkers.  The  first  series  of  these  experiments 
were  performed  upon  mice. 

EXPERIMENTS  ON  MICE. 

As  w^as  pointed  out  in  a recent  paper‘d  the  susceptibility  of  mice 
to  acetonitrile  varies  very  considerably;  the  age  of  the  animal,  the 
character  of  the  food,  the  temperature  and  season,  all  seem  to  have 
an  influence.  Hence  in  order  to  obtain  satisfactory  results  it  is  neces- 
sary to  have  many  controls.  In  the  following  experiments  great  care 
was  taken  to  keep  the  conditions  as  uniform  as  possible,  and  a num- 
ber of  controls  were  made  in  every  experiment. 

The  alcohol  was  administered  by  soaking  the  food  (usually  oats)  in 
it.  There  was  probably  some  loss  by  evaporation;  but  this  was  les- 
sened by  having  the  feeding  cups  narrow  and  deep.  The  strength  of 

Arch,  f.  exper.  Path.  ii.  PharmakoL,  v.  44,  p.  216;  1900. 

&Hausmann  (Pfltiger’s  Archiv*,  113,  p.  337;  1906)  has  recently  suggested  that  pos- 
sibly the  form  in  which  the  morphine  is  excreted  changes  as  the  tolerance  is  established, 
so  that  the  drug  can  no  longer  be  detected  by  the  usual  methods. 

cHuntj  Journ.  Biol.  Chem.,  vol.  1,  p.  33;  1905. 
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the  alcohol  was  slowly  increased  from  5 or  10  per  cent  to  40  or  50  per 
cent.  By  carefully  observing  the  weight  of  the  mice  and  not  increasing 
the  strength  of  the  alcohol  too  rapidly,  it  was  possible  to  keep  the 
animals  for  months  on  this  diet  without  any  material  loss  of  weight. 
The  acetonitrile  was  injected  subcutaneously  in  aqueous  solution. 

White  mouse. — Food  consisted  of  oats  covered  with  alcohol;  the 
strength  of  the  alcohol  was  gradually  increased. 


Date. 

Weight  of 
mouse. 

Remarks. 

July  22,  1904 

Grams. 

17 

5 per  cent  alcohol. 

10  per  cent  alcohol 
15  per  cent  alcohol. 

20  per  cent  alcohol. 

25  per  cent  alcohol. 

30  per  cent  alcohol. 

35  per  cent  alcohol. 

3.99  milligrams  acetonitrile  (=0.23  milligram 
per  gram)  injected  subcutaneously.  Died 
in  2 hours. 

July  3 1',  1904 

August  6,  1904 

August  12,  1904 

16.6 

16.7 

August  19,  1904 

August  24,  1904 

September  1, 1904 

16.61 

17.36 

November  3,  1904 

Another  mouse  in  this  series  died  from  0.22  milligram  per  gram 
bod}^  weight;  while  another  recovered  from  0.18  milligram  per  gram. 
With  a fourth  one  the  alcohol  was  increased  to  45  per  cent ; on  Decem- 
ber 24  it  died  from  0.25  milligram  per  gram.  The  weight  of  this 
mouse  had  increased  during  the  alcohol  period  from  12  to  17.05 
grams. 

Control  experiments  to  the  above  gave  the  following  results : In  one 
experiment  the  weight  of  the  mouse  had  increased  from  18.4  to  19.55 
grams;  it  recovered  from  0.36  milligram  acetonitrile  per  gram. 
Another  mouse,  the  weight  of  which  had  decreased  from  18.05  to  17.72 
grams,  recovered  from  0.38  milligram  acetonitrile  per  gram  body 
weight.  A third  one  recovered  from  0.39,  a fourth  one  from  0.42, 
while  a fifth  one  died  from  0.4  milligram  per  gram. 

Thus  in  this  series  the  mice  which  had  received  alcohol  died  from 
about  one-half  the  amount  of  acetonitrile  as  did  those  which  had  not 
received  alcohol. 

In  another  series  the  alcohol  was  increased  more  rapidly;  the  mice 
decreased  a little  in  weight.  Thus,  for  example: 


Date. 

Weight  of 
mouse. 

Remarks. 

May  17,  1904 

Grams. 

21.51 

20  per  cent  alcohol. 

May  23  ' 1904 

19.54 

June  27,  1904 

20. 15 

June  28,  1904 

30  per  cent  alcohol. 

July  5,  1904 

18.38 

July  6,  1904 

i 3.68  milligrams  acetonitrile  (=0.2  milligram 
j per  gram  body  weight).  Died  in  1 hour. 
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Other  mice  of  this  series  died  from  0.22  and  0.24,  while  one  recovered 
from  0.18  milligram  per  gram  body  weight. 

Control  mice,  namely,  those  which  had  been  kept  on  water  and 
oats,  recovered  from  0.4,  0.45,  0.5,  milligram  per  gram,  but  one  died 
from  0.55  milligram.  Thus  the  alcohol  mice  succumbed  to  one-half 
to  one-third  the  dose  necessary  to  kill  the  controls. 

Similar  results  were  obtained  in  a number  of  other  such  experiments 
upon  both  white  and  gray  mice.  In  no  case  did  the  mice  show  any 
symptoms  of  intoxication  or  any  ill  effects  at  all  from  the  alcohol. 
There  were  only  insignificant  changes  in  weight,  no  greater  than  those 
in  the  controls,  and  the  changes  which  did  occur  were  as  often  in  the 
direction  of  an  increase  as  of  a decrease. 

The  following  experiments  show  in  a striking  manner  how  the  sus- 
ceptibility of  mice  may  be  increased  by  the  feeding  of  alcohol.  In 
the  first  experiment  the  mouse  had  been  kept  for  four  months  in  a 
small  jar  on  a diet  of  oats  soaked  in  water;  its  weight  had  remained 
practically  unchanged  throughout  this  period.  At  the  end  of  this 
period  acetonitrile,  0.5  milligram  per  gram  body  weight,  was  injected. 
The  mouse  recovered.  It  was  then  placed  upon  oats  soaked  in 
alcohol,  the  per  cent  of  which  was  gradually  increased  to  45  per  cent. 
After  a little  more  than  a month  of  this  diet,  0.2  milligram  acetonitrile 
per  gram  body  weight  proved  fatal.  The  weight  of  the  mouse  had 
remained  practically  constant  throughout  this  period.  Control  mice, 
which  had  received  oats  in  water,  recovered  from  0.4  and  0.5  milli- 
gram per  gram.® 

In  other  experiments  of  tliis  series,  mice  which  had  recovered  from 
0.4  and  0.5  milligram  acetonitrile  died,  after  six  weeks  of  alcohol 
(during  which  they  had  maintained  their  body  weight  and  had 
remained  very  active),  from  0.23  and  0.27  milligram  acetonitrile  per 
gram  body  weight. 

In  another  series  mice  which  had  been  closely  confined  and  kept  on 
an  oats  diet  for  several  months,  and  which  had  acquired  a marked 
resistance  to  the  poison,  recovered  from  0.7  to  0.8  milligram  per  gram; 
one  after  six  weeks  of  the  alcohol  diet  died  from  0.4  milligram  per 
gram,  whereas  the  control  (which  had  been  kept  on  water)  recovered 
from  0.8  milligram. 

In  other  experiments  of  this  character,  in  which  similar  results  were 
obtained,  the  mice  had  lost  some  weight  on  the  alcohol  diet,  and  it  was 
thought  that  this  might  have  been  a factor  in  their  increased  suscepti- 
bility. It  will  be  shown  below,  however,  that  it  is  possible  to  reduce 
the  weight  of  mice  very  considerably  without  causing  any  such 
increased  susceptibility.  In  the  following  experiment  the  loss  of  weight 
was  accompanied  by  a very  marked  increased  resistance  to  the  poison. 
In  these  experiments  the  mice  were  fed  for  some  time  upon  a very 

« It  is  very  probable  that  these  amounts  were  considerably  less  than  the  fatal  dose, 
for  it  was  found  that  mice  kept  in  a small  jar  where  they  could  obtain  but  little  exer- 
cise, and  on  a diet  of  oats,  became  very  tolerant  for  acetonitrile.  This  point  will  be 
referred  to  again. 
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limited  amount  of  oats ; there  was  a decrease  in  the  body  weight  but 
a strikingly  increased  resistance  to  acetonitrile. 

The  following  experiments  will  serve  to  illustrate  these  points; 


Date. 

Weight  of 
mouse. 

Remarks. 

January  18,  1905 

Grams. 

18.21 

Limited  food  begun. 

January  24,  1905 

17.01 

January  30,  1905 

15.  92 

February  6,  1905 

16.42 

February  13,  1905 

12.61 

February  15,  1905 

14.11 

On  this  morning  the  mouse  was  given  full  food 

February  16,  1905 

February  21,  1905 

16.93  milligrams  acetonitrile  (=1.2  milligram: 
per  gram  body  weight).  Survived. 

Alcohol,  5 per  cent  on  oats. 

Alcohol  increased  to  10  per  cent. 

February  24,  1905. . . 

14.02 

February  27,  1905 

Alcohol  increased  to  20  per  cent. 

March  3,  1905 

13.61 

March  10,  1905 

14. 10 

Alcohol  increased  to  25  per  cent. 

March  18,  1905 

14.05 

March  22,  1905 

Alcohol  increased  to  35  per  cent. 
Alcohol  increased  to  45  per  cent. 

March  29,  1905 

14.25 

April  5,  1905 

15.  32 

April  11,  1905  

April  14,  1905  

14.  85 

Alcohol  increased  to  60  per  cent. 

4.46  milligrams  acetonitrile  (=0.3  milligram: 

per  gram  body  weight).  Died. 

The  following  control  experiments  were  made:  (a)  (To  the  first 
injection)  other  mice  of  the  same  lot,  which  had  been  allowed  to  eat 
all  that  they  would,  succumbed  to  0.6  and  0.65  milligram  per  gram 
body  weight,  while  others  of  the  series,  which  had  been  kept  on  the 
reduced  diet,  survived  0.9  and  1 milligram  acetonitrile  per  gram  body 
weight;  (b)  (to  the  second  injection)  mice,  which  had  been  kept  on 
oats  and  water  for  the  same  length  of  time  that  the  others  had  received 
alcohol,  survived  0.65  and  0.6  milligram  per  gram.  Other  experi- 
ments of  this  series  are  as  follows: 


Date. 

Weight  of 
mouse. 

Remarks. 

February  16,  1905 

February  21,  1905 

February  27,  1905 

March  1,  1905 

Grams. 

23.16 

18.85 

18.25 

Limited  food  begun. 

20.08  milligrams  acetonitrile  (=1.1  milligrams 
per  gram  body  weight).  Survived. 
Alcohol,  5 per  cent  on  oats. 

Alcohol  increased  to  10  per  cent. 

Alcohol  increased  to  20  per  cent. 

Alcohol  increased  to  25  per  cent. 

Alcohol  increased  to  35  per  cent. 

Alcohol  increased  to  45  per  cent. 

March  6,  1905 

March  7,  1905 

18.  95 

March  12,  1905 

March  14,  1905 

March  16,  1905 

19.  61 

March  21,  1905 

19.  26 

March  29,  1905  

April  5,  1905  

18.92 

19.05 

April  7,  1905 

19.02 

5.71  milligrams  acetonitrile  (=0.3  milligrams 
per  gram).  Died  in  2 hours. 

24417— No.  33—07 3 
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Controls  (a)  (that  is,  mice  which  had  received  full  food  as  long  as  the 
above  one  had  received  limited  food)  died  from  0.65  and  0.6  milligram 
per  gram  mouse;  controls  (b)  (that  is,  mice  which  had  received  oats 
and  water  as  long  as  the  above  had  received  oats  and  alcohol)  sur- 
vived 0.6  and  0.55  milligram. 

Another  striking  experiment  of  this  character  is  the  following: 


Date. 

Weight  of 
mouse. 

Remarks. 

February  16,  1905 

Grams. 

18.15 

Limited  food  begun. 

February  21,  1905 

15.  25 

February  28,  1905 

13.57 

27.14  milligrams  acetonitrile  (=2  milligrams  per 

March  3,  1905 

gram).  Suryiyed. 

5 per  cent  alcohol  on  food. 

March  7,  1905 

15.  52 

March  8,  1905 

Alcohol  increased  to  10  per  cent. 

March  12,  1905  

Alcohol  increased  to  20  per  cent. 

March  14,  1905 

17.  85 

March  16,  1905 

Alcohol  increased  to  25  per  cent. 

March  21,  1905 

18.27 

Alcohol  increased  to  35  per  cent. 

March  29,  1905 

18.80 

Alcohol  increased  to  45  per  cent. 

April  5,  1905 

April  6,  1905  

19.35 

19.31 

6.76  milligrams  acetonitrile  (=0.35  milligrams 

per  gram).  Died  in  18  hours. 

Thus  tliis  mouse,  when  receiving  a limited  amount  of  food,  recov- 
ered from  four  times  the  absolute  amount  of  nitrile  which  caused  death 
after  it  had  been  given  alcohol;  it  recovered  from  nearly  six  times  the 
relative  dose  (that  is,  in  proportion  to  body  weight). 

Two  control  experiments  of  this  series  are  given  in  detail,  for  in 
them  the  mice,  although  receiving  all  the  food  they  would  eat,  also 
lost  some  weight  but  did  not  show  an  increased  resistance  to  the  nitrile. 


Date. 

Weight  of 
mouse. 

Remarks. 

February  16,  1905 

Grams. 
24.  82 

Full  feed. 

February  24,  1905 

21.  52 

February  27,  1905 

21.  57 

14.02  milligrams  acetonitrile  (=0.65  milligrams 

per  gram).  Died  in  4J  hours. 

The  mouse  in  the  experiment  described  immediately  before  this  one 
had  recovered  from  27.14  milligrams,  or  from  nearly  double  the  abso- 
lute amount  which  was  fatal  in  this  case;  the  relative  figures  (that  is, 
in  proportion  to  body  weight)  were  3 to  1. 
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In  the  following  control  a nonfatal  dose  of  nitrile  was  given  and 
then  the  usual  diet  (oats  and  water)  continued. 


Date. 

Weight  of 
mouse. 

Remarks. 

February  16,  1905 

February  24.  1905 

February  27,  1905 

February  28,  1905 

Grams. 

20.46 

18.12 

17.45 

Full  food  (oats  and  water). 

8.73  milligrams  acetonitrile  (0.5  milligrams  per 
gram) . Survived . 

Oats  and  water  continued. 

March  6,  1905 

17.35 

March  14,  1905 

17.82 

March  21,  1905 

17.22 

March  29,  1905 

17.  75 

April  5,  1905 

18. 15 

April  7,  1905 

17.82 

12.98  milligrams  acetonitrile  (0.65  milligram 
per  gram).  Survived. 

On  comparing  the  second  injection  of  the  nitrile  vdth  that  of  the 
nitrile  in  the  mouse  on  alcohol  given  above,  p.  16,  it  will  be  seen  that 
this  mouse  (on  oats  and  water)  recovered  from  12.98  milligrams, 
whereas  the  mouse  on  alcohol  died  from  6.76  milligrams — the  relative 
doses  were  0.65  milligram  and  0.35  milligram  per  gram  body- weight. 
This  experiment  also  illustrates  what  was  invariably  observed,  namely, 
that  one  dose  of  nitrile  did  not  render  the  mouse  more  susceptible 
to  a second  dose,  and  that  a prolonged  diet  of  oats  and  water  tends 
to  increase  the  resistance  of  mice  to  the  poison.  This  experiment 
(and  it  is  but  one  of  many)  also  shows  that  the  increased  suscepti- 
bility of  the  alcohol  mice  which  had  received  a previous  injection 
of  the  nitrile  can  not  be  attributed  to  the  latter. 

In  order  to  determine  if  poisons  other  than  alcohol  can,  by  ‘dow- 
ering the  resistance,”  cause  a similar  increase  in  the  susceptibility 
to  acetonitrile,  the  following  experiments  were  made: 

Amyl  alcohol.^ — The  oats,  which  formed  the  exclusive  food  of  the 
mice,  were  covered  with  a solution,  or  emulsion,  of  amyl  alcohol 
(Kahlbaum). 


Date. 

Weight  of 
mouse. 

Remarks. 

July  11,  1904 

Grams. 

13.02 

Amyl  alcohol,  12  per  cent. 

July  18'  1904 

12.05 

July  25'  1904 

12.01 

August  5,  1904 

10.  70 

August  li,  1904 

10.  30 

August  15,  1904 

10.96 

3.84  milligrams  acetonitrile  (0.35  milligram 
per  gram) . Survived . 

® This  alcohol  is  not  oxidized  to  any  considerable  extent  in  the  body;  the  tolerance 
for  it  is  probably  not  dependent  upon  oxidation  processes;  hence  it  seemed  an  espe- 
cially favorable  drug  to  compare  with  ethyl  alcohol. 
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CMice  Tvhich  had  received  ethyl  alcohol  up  to  45  per  cent  for  a 
similar  period  died  from  0.2  and  0.23  milligram  per  gram.) 

The  mouse  in  the  above  experiment  was  placed  upon  oats  soaked 
in  ethyl  alcohol. 


Date. 

W eight  of 
mouse. 

Remarks. 

Grams. 

August  17,  1904 

August  19,  1904 

August  25,  1904 

August  26,  1904 

August  31,  1904 

September  14,  1904 
September  21,  1904 
September  28,  1904 

October  5,  1904 

October  12,  1904 

October  20,  1904 

October  28,  1904 

November  4,  1904. . 


11. 25 


9.41 
9.85 
10.40 
11.43 
11.  30 
11.86 
11.50 
12.80 
12.77 
14.  53 


Ethyl  alcohol,  5 
Alcohol  increasec. 
Alcohol  increasec. 


per  cent, 
to  15  per  cent, 
to  25  per  cent 


Alcohol  increased  to  35  per  cent. 

2.91  milligrams  acetonitrile  (0.2  milligram  per 
gram).  Died  in  9 hours. 


In  the  following  experiment  the  strength  of  the  amyl  alcohol  was 
increased  gradually : 


Date. 

Weight  of 
mouse. 

Grams. 

May  23,  1904 

23.07 

May  25,  1904 

May  28,  1904 

May  31,  1904 

23.80 

June  4,  1904 

June  6,  1904 

23.63 

June  10,  1904 

June  13,  1904 

22.58 

June  20,  1904 

June  21,  1904 

22.05 

June  27,  1904 

21. 05 

July  5,  1904 

20.  98 

July  7,  1904 

20.98 

Remarks. 


Amyl  alcohol,  2 per  cent. 

Amyl  alcohol  increased  to  4 per  cent. 
Amyl  alcohol  increased  to  6 per  cent. 

Amyl  alcohol  increased  to  8 per  cent. 

Amyl  alcohol  increased  to  10  per  cent. 


Amyl  alcohol  increased  to  12  per  cent. 


11.64  milligram  acetonitrile  (0.55  milligram 
per  gram.)  Sundved. 


Control  mice  which  had  been  given  ethyl  alcohol  died  from  0.35 
and  0.3  milligrams  acetonitrile  per  gram. 

Hydrated  chloral. — Experiments  similar  to  the  above  were  per- 
formed with  hydrated  chloral.  Although  this  drug  frequently  caused 
a considerable  loss  of  weight,  no  increased  susceptibility  to  acetoni- 
trile was  observed — thus : 
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Date. 

Weight  of 
mouse. 

Remarks. 

January  9,  1905 

Grams. 

17.92 

Oats  soaked  in  a 5 per  cent  solution  of  hydrated 
chloral. 

January  13,  1905 

15.45 

January  16,  1905 

14. 13 

January  22,  1905 

13.71 

4.1  milligrams  acetonitrile  (0.3  milligram  per 

gram).  Survived. 

— 

July  18,  1904 

24.38 

Oats  in  5 per  cent  solution  of  hydrated  chloral. 

July  26^  1904 

22.41 

August  5,  1904 

20.  62 

August  9,  1904 

20.96 

6.29  milligrams  acetonitrile  (0.3  milligram  per 
gram).  Survived. 

(Control  mice  on  alcohol,  increased  up  to  45  per  cent,  died  from 
0.22  milligram  per  gram.) 

The  latter  mouse  was  now  placed  upon  ethyl  alcohol : 


Date. 

Weight  of 
mouse. 

Remarks. 

August  10,  1904 

Grams. 

5 per  cent  alcohol  in  oats. 
Alcohol  increased  to  15  per  cent. 
Alcohol  increased  to  25  per  cent. 

August  15,  1904 

21.11 

August  25,  1904 

August  26,  1904 

20.  70 

August  31,  1904 

20.  92 

Alcohol  increased  to  35  per  cent. 

September  14,  1904 

18.05 

October  20,  1904 

19.20 

November  2,  1904 

19.56 

4.3  milligrams  acetonitrile  (0.22  milligram  per 
gram).  Died  in  3 hours  50  minutes. 

In  the  following  experiments  the  difference  between  the  effect  of 
alcohol  and  hydrated  chloral  is  still  more  marked. 


Date. 

Weight  of 
mouse. 

Remarks. 

May  31, 1904 

June  6, 1904 

Grams. 

19.82 

19.72 

18.32 

19.55 

18.54 

19.71 

19.71 

Oats  in  25  per  cent  alcohol. 

2.95  milligrams  acetonitrile  (0.15  milligram 
per  gram).  Died  in  3 hours. 

June  13, 1904 

June  20, 1904 

June  27, 1904 

July  5, 1904 

July  7 1904 

Another  mouse  of  the  same  lot  was  placed  upon  oats  soaked  in  a 
5 per  cent  solution  of  hydrated  chloral. 

Date. 

Weight  of 
mouse. 

Remarks. 

May  31,  1904 

Grams. 

16.38 

15.56 

15.37 

14.60 

13.73 

13.50 

13.50 

Oats  in  5 per  cent  hydrated  chloral. 

4.73  milligrams  acetonitrile  (0.35  milligram 
per  gram).  Survived. 

June  6,  1904 

June  13,  1904 

June  20, 1904 

June  27, 1904 

July  5,  i0O4 

July  6'  1904 
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Another  mouse  of  this  series  whose  weight  on  the  chloral  diet  had 
decreased  from  26.6  to  19.27  grams  also  survived  the  injection  of 
0.35  milligram  per  gram. 

Methyl  alcohol. — A few  experiments  were  performed  in  which  the 
food  was  soaked  in  methyl  alcohol.  This  alcohol,  when  continued 
for  a short  time,  proved  to  be  far  more  poisonous  to  mice  than  did 
ethyl  alcohol,  as  has  been  sho^vu  to  be  the  case  for  other  animals : ® no 
distinct  increased  susceptibility  for  acetonitrile  was,  however,  noted. 

Hydrochloric  acid,  etc. — A munber  of  experiments  were  performed 
in  which  the  food  of  the  mice  was  soaked  in  0.1  to  0.5  per  cent  hydro- 
chloric acid.  There  was  usually  a marked  loss  of  weight  but  no 
increased  susceptibility  to  acetonitrile  ; on  the  contrary  the  resistance 
seemed  to  be  increased.  The  feeding  of  potassium  iodide,  in  doses 
sufficient  to  cause  a marked  loss  of  weight,  increased,  rather  than 
decreased,  the  resistance  to  acetonitrile.  A very  large  number  of 
other  substances  (such  as  chloroform  water,  saccharine,  sulphonal, 
thymol,  tobacco,  sodium  benzoate  and  salicylate)  were  tried,  but  with 
negative  results  ; only  certain  proteid  substances  gave  results  similar 
to  alcohol. 

Experiments  with  other  cyanogen  compounds. — A number  of  experi- 
ments were  performed  in  which  hydrocyanic  acid  and  nitroprussiate 
of  soda,  sodium  sulphocyanate,  etc.,  were  injected  into  mice  which 
had  been  given  alcohol  for  some  time,  the  object  being  to  see  if  the 
alcohol  had  caused  a general  lowering  of  resistance’^  which  would 
cause  them  to  succumb  to  a smaller  dose  than  the  one  fatal  to  normal 
mice.  The  results  were  negative;  the  alcohol  mice  were  not  more 
susceptible  to  these  poisons  than  were  the  normal  ones.  The  following 
experiments  with  nitroprussiate  of  soda  illustrate  this  point: 


Date. 

Weight  of 
mouse. 

Remarks. 

Grams. 

July  25,  1904 

14.98 

5 per  cent  alcohol  on  oats. 

July  31,  1904 

Alcohol  increased  to  10  per  cent. 
Alcohol  increased  to  15  per  cent. 

August  6,  1904 

August  8.  1904 

14.  51 

August  13,  1904 

Alcohol  increased  to  20  per  cent. 

August  15,  1904 

15.  22 

August  16,  1904 

Alcohol  increased  to  25  per  cent. 

August  19,  1904 

15.  70 

August  24,  1904 

Alcohol  increased  to  30  per  cent. 

August  31,  1904 

lb.  40 

September  1, 1904 

Alcohol  increased  to  35  per  cent. 

October  5,  1904 

15.  95 

Xoy ember  3,  1904 

16.77 

0.168  milligi'am  nitroprussiate  of  soda  (0.01 
milligi-am  per  gram).  Suryiyed. 

o-  See  Hunt:  The  toxicitv  of  methvl  alcohol,  The  Johns  Hopkins  Hospital  Bulletin, 
p.  213;  1902. 
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Another  mouse  of  this  series  also  recovered  from  0.01  milligram 
per  gram  body  weight  of  nitroprussiate  of  soda.  Of  the  control  mice 
which  had  received  oats  soaked  in  water,  one  died  from  0.015  milli- 
gram of  nitroprussiate  of  soda,  another  from  0.01,  while  a tliird  recov- 
ered from  0.008  milligram  per  gram.  Mice  which  had  received  the 
same  amount  of  alcohol  for  the  same  period  showed  an  increased  sus- 
ceptibility to  acetonitrile. 

Results  similar  to  the  above  were  obtained  with  hydrocyanic  acid; 
sodium  sulphocyanate,  and  guanidin  carbonate. 

The  above  results  show  that  mice  to  which  alcohol  has  been  admin- 
istered for  some  time  are  distinctly  more  susceptible  to  acetonitrile 
than  are  those  which  have  received  no  alcohol ; also  that  there  is  appa- 
rently something  special  about  the  poisonous  action  of  alcohol,  for 
certain  other  poisons  which  cause  a loss  of  weight  and  so  might  be  con- 
sidered as  agents  which  would  probably  ^ dower  the  general  resist- 
ance” do  not  have  this  effect,  and  finally  that  the  increased  suscepti- 
bilit}^  which  the  alcohol  mice  show  toward  acetonitrile  seems  to  be  a 
special  case  for  such  mice  as  do  not  show  an  increased  susceptibility 
toward  other  poisons  related  to  acetonitrile  (hydrocyanic  acid,  nitro- 
prussiate of  soda,  and  sodium  sulphocyanate). 

It  was  pointed  out  above  (p.  10)  that  the  formation  of  sulphocya- 
nate from  acetonitrile  seemed  to  be  a protective  reaction  on  the  part  of 
the  organism,  the  sulphocyanate  being  less  poisonous  than  the  hydro- 
cyanic acid  formed  from  the  nitrile.  Hence  it  might  be  supposed  that 
the  increased  susceptibility  of  the  alcohol  mice  to  acetonitrile  is  due  to 
a diminution  of  the  power  of  the  body  to  convert  the  liberated  hydro- 
cyanic acid  into  the  sulphocyanate;  in  this  case  there  should  be  a 
smaller  excretion  of  sulphocyanate  after  nitrile  in  the  animals  on  alco- 
hol than  in  the  normal.  On  the  other  hand,  the  hypothesis  which  led 
to  these  experiments  was  that  as  the  body,  as  the  result  of  the  repeated 
administration  of  alcohol,  acquired  the  power  of  oxidizing  more  and 
more  of  the  hydrocarbon  residues  of  alcohol,  it  also  acquired  the  power 
of  oxidizing  more  and  more  of  the  methyl  group  of  the  nitrile,  by 
which  process  more  and  more  of  the  cyanogen  would  be  set  free.  The 
cyanogen  thus  formed  might  or  might  not  combine  with  sulphur  to 
form  sulphocyanate.  If  the  former  occurred,  the  lack  of  an  increased 
excretion  of  sulphocyanate  in  the  urine  would  not  necessarily  mean 
that  there  had  not  been  increased  decomposition  of  the  nitrile.  On 
the  other  hand,  if  the  alcohol  animal  excreted  an  increased  amount  of 
sulphocyanate,  this  would  be  strong  evidence  that  there  had  been 
increased  destruction  of  the  nitrile  with  an  increased  formation  of 
cyanogen  and  the  increased  toxicity  could  thus  be  explained. 

In  order  to  test  the  above  hypotheses,  determinations  of  the  sulpho- 
cyanate in  the  urine  were  made  after  the  administration  of  acetonitrile 
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to  both  normal  and  alcoholic  animals.  These  experiments  were  per- 
formed for  the  most  part  upon  guinea  pigs  for  reasons  given  below.® 

Methods. — In  the  earlier  experiments,  the  sulphocyanate  was 
extracted  from  the  acidified  urine  with  ether  and  determined,  approxi- 
mately, colorimetrically;  later  it  was  extracted  with  ether  and  deter- 
mined volumetrically.  Neither  method  gave  satisfactory  results,  so 
that  in  subsequent  experiments  Lang’s  volumetric  method  was 
employed — titrating  the  urine  with  silver  nitrate  (this  gives  chlorine 
and  sulphocyanate)  and  deducting  from  this  the  chlorine,  determined 
by  incinerating  another  portion  of  the  urine  with  sodium  carbonate 
and  potassium  nitrate.  This  method  gave  entirely  satisfactory  results 
with  the  urine  of  guinea  pigs  and  usually  vdth  that  of  dogs.  There 
seemed  to  be  nothing  present  in  the  guinea  pigs’  urine  which  was  pre- 
cipitated by  the  silver  nitrate  except  the  chlorine  and  sulphocyanate. 
The  method  was  not  as  a rule  satisfactory  in  the  case  of  the  urine  of  the 
cat  or  rabbit,  as  the  urine  of  these  animals  usually  contained  substances 
which,  like  chlorine  and  sulphocyanate,  are  precipitated  by  silver 
nitrate;  the  same  was  found  to  be  the  case  vdth  a few  dogs. 

EXPERIMENTS  ON  GUINEA  PIGS. 

Attention  was  called  above  to  the  variations  in  the  susceptibility  of 
normal  mice  to  acetonitrile ; some  of  the  conditions  influencing  this  are 
the  age  of  the  animals,  the  character  of  the  food,  the  season,  etc.  All  of 
these  factors  seem  to  be  equally  important  in  the  case  of  the  guinea 
pig;  they  also  seem  to  influence  the  amount  of  acetonitrile  which  is  con- 
verted into  sulphocyanate.  The  per  cent  of  acetonitrile  which  is 
converted  into  sulphocyanate  seems  also  in  part  to  depend  upon  the 
dose. 

In  the  following  experiments,  care  was  taken  to  keep  the  conditions 
uniform;  guinea  pigs  of  the  same  age  and  weight  were  selected  and 
they  were  then  kept  under  identical  conditions,  except  that  to  the  food 
of  some  alcohol  instead  of  water  was  added.  The  experiments 
were  performed  upon  the  same  day,  and  in  all  cases  duplicate  analyses 
were  made.  The  urine  was  collected  and  analyzed  as  long  as  it  gave  a 
decided  reaction  for  sulphocyanate.  The  urine  of  the  guinea  pig,  both 
of  the  normal  and  of  those  receiving  alcohol,  was  found  to  be  practi- 
cally free  of  sulphocyanate ; in  some  cases  a faint  qualitative  test  was 
obtained,  but  the  amount  was  too  small  to  determine. 

o These  experiments  were  begun  with  Mr.  E.  S.  Clowes,  formerly  assistant  in  the  labo- 
ratory, and  to  whom  I wish  to  express  my  thanks  for  his  valuable  assistance.  It  was 
our  intention  to  extend  our  studies  to  other  animals  and  to  other  conditions,  but  other 
work  and  Mr.  Clowes’s  resignation  have  prevented  this. 
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The  following  experiments  show  that  in  every  case  the  animal  which 
had  received  alcohol  excreted  a larger  amount  of  sulphocyanate  after 
corresponding  amounts  of  the  nitrile  than  did  the  normal.  The 
guinea  pigs  on  alcohol  showed  no  ill  effects  whatever  from  the  alcohol; 
they  grew  as  rapidly  and  had  as  many  young  as  the  controls. 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

October  4,  1905 

Grams. 

407 

The  food  consisted  largelv  of  oats  and  bran 

soaked  in  10  per  cent  alcohol;  on  about 

October  10,  1905 

430 

ever^’  third  day  a little  green  food  was  given. 
Alcohol  increased  to  20  per  cent. 

October  20,  1905 

470 

Alcohol  increased  to  30  per  cent. 

November  2,  1905 

467 

November  8,  1905 

475 

November  14,  1905 

460 

November  15,  1905 

465 

93  milligrams  acetonitrile  (0.2  milligram  per 

gram  weight).  Sun-ived. 

On  the  first  tlnee  days  after  the  administration  of  the  nitrile  the 
follovfing  amounts  of  cvanogen  were  found  in  the  urine : 

o o 


Day. 


Cyanogen. 


Milligrams. 


First  day 8.  2 

Second  day 1.  5 

Third  day 41.  7 


Total 51.4 


Xinety-three  milligrams  acetonitrile  (the  amount  injected)  con- 
tains 58.96  milligrams  cyanogen;  hence  about  87.2  per  cent  of  the 
cyanogen  of  the  nitrile  appeared  in  the  urine  as  sulphocyanate. 

The  control  experiment  was  as  follows: 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

Grams. 

October  4,  1905 

410 

Food  as  in  preceding  except  that  water  was 
substituted  for  the  alcohol. 

October  10,  1905 

425 

October  20,  1905 

485 

November  8,  1905 

475 

November  14,  1905 

485 

November  15,  1905 

490 

98  milligrams  acetonitrile  (0.2  milligram  per 

gram) . Sundved . 
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The  excretion  of  cyanogen  was  as  follows : 


Day.  Cyanogen. 


Milligrams. 


First  day 6.2 

Second  iay 23.  8 

Third  day 1.5 


Total 31.5 


Xinety-eight  milligrams  acetonitrile  (the  amount  injected)  contains 
62.13  milligrams  cyanogen;  hence  50.7  per  cent  of  the  cyanogen  of  the 
nitrile  appeared  in  the  urine  as  sulphocyanate. 

Comparing  this  result  with  that  of  the  alcohol  experiment  it  \viW  be 
seen  that  in  the  latter  the  excretion  of  sulphocyanate  was  1.7  times  as 
great  as  in  the  normal. 

In  the  following  experiment  there  were  two  controls;  the  adniinis- 
tration  of  alcohol  was  continued  for  a longer  period.  , The  guinea  pig 
on  alcohol  had  been  receiving  dilute  alcohol  on  its  food  from  its  birth 
eight  months  previously. 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

November  22,  1905 

Grams. 

380 

30  per  cent  alcohol  on  part  of  food. 

November  29,  1905 

365 

December  4,  1905 

390 

December  9,  1905 

405 

December  14,  1905 

405 

December  21,  1905 

431 

December  29,  1905 '.... 

425 

Januar}"  2,  1906  

January"  5,  1906 

450 

Alcohol  increased  to  40  per  cent. 

January  12,  1906 

480 

Januarv  16,  1906 

Alcohol  increased  to  50  per  cent. 

January’  19,  1906 

520 

January  26,  1906 

520 

February’  2,  1906 

540 

February’  6,  1906 

520 

104  milligrams  acetonitrile  (0.2  milligram  per 

gram).  Survh’ed. 

The  excretion  of  cyanogen  was  as  follows: 


Day. 


Cyanogen. 


First  day... 
Second  day 
Third  day.. 
Fourth  day. 
Fifth  day. . . 
Sixth  day. . 

Total 


Milligra  ms. 

0.  39 
20.  93 
3.51 
3.38 
4.  81 
4. 16 


37.18 
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One  hundred  and  four  milligrams  agetonitrile  contains  65.94  milli- 
grams cyanogen;  hence  56.3  per  cent  of  the  c^^anogen  of  the  nitrile 
was  excreted  as  sulphocyanate. 

The  controls  (of  the  same  litter  as  the  above)  gave  the  following 
results : 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

November  22,  1905 

December  4,  1905 

December  9,  1905 

December  14,  1905.... 

December  21,  1905 

December  29,  1905 

January  5,  1906 

January  12,  1906 

Grams. 

330 

375 

400 

405 

445 

435 

445 

475 

Food  as  in  foregoing,  except  for  the  alcohol. 

January  19,  1906 

490 

January  26,  1906 

515 

Febimary  2,  1906 

520 

February  6,  1906 

500 

100  milligrams  acetonitrile  (0.2  milligram  per 
gram).  Survived. 

The  excretion  of  cyanogen  was  as  follows : 


Day. 

Cyanogen. 

First  day 

Milligrams. 

4.03 

Second  day 

.65 

Third  day 

1.  56 

Fourth  day .• 

8.97 

Fifth  day 

3.  51 

Sixth  day 

3.64 

Total 

22.36 

One  hundred  milligrams  acetonitrile  (the  amount  injected)  con- 
tains 63.4  milligrams  cyanogen;  hence  about  35.2  per  cent  of  the 
cyanogen  of  the  nitrile  appeared  in  the  urine  as  sulphocyanate. 

Comparing  this  result  with  that  of  the  above  alcohol  experiment, 
it  wiirbe  seen  that  the  guinea  pig  on  alcohol  excreted  about  1.65 
times  as  much  cyanogen  as  sulphocyanate  as  did  the  normal. 
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The  other  control  experiment  gave  the  following  results : 


Date. 


Weight  of 
guinea  pig. 


Grams. 


November  22,  1905 
December  4,  1905.. 
December  9,  1905.. 
December  14,  1905 
December  21,  1905 
December  29,  1905 

January  5,  1906 

January  12,  1906... 
January  19,  1906... 
January  26,  1906... 
February  2,  1906. . 
February  6,  1906. . 


295 

325 

355 

380 

425 

400 

390 

340 

345 

375 

400 

355 


Remarks. 


Had  two  young  about  this  time. 


71  milligrams  acetonitrile  (0.2  milligram  per 
gram).  Survived. 


The  cyanogen  excreted  was  as  follows: 


Day. 

Cyanogen. 

First  day 

Milligrams. 

3.38 
2.99 
3.51 
1.17 
1.  56 
2.34 

Second  day 

Third  day 

Fourth  day 

Fifth  day -. 

Sixth  day 

Total 

14.95 

Seventy-one  milligrams  acetonitrile  contained  45  milligrams  cyano- 
gen; hence  33.2  per  cent  of  the  cyanogen  of  the  nitrile  had  appeared  in 
the  urine  as  sulphocyanate.  Thus  the  guinea  pig  on  alcohol  had 
excreted  1.75  times  as  much  cyanogen  as  sulphocyanate  as  did  the 
normal  after  corresponding  doses  of  the  nitrile. 

Another  guinea  pig  of  this  series,  which  had  received  alcohol  for 
several  months  (during  which  time  its  weight  had  increased  from  345 
to  520  grams),  died  from  95  milligrams  acetonitrile  (0.2  milligram 
per  gram) . And  it  may  be  remarked  that  a few  other  experiments 
were  lost  by  the  death  of  guinea  pig  receiving  alcohol,  for  alcohol 
increased  the  susceptibility  of  guinea  pigs  to  acetonitrile  in  the  same 
way  it  did  that  of  mice. 

In  the  following  experiments  the  excretion  of  cyanogen  was  less 
than  in  the  foregoing,  but  a similar  difference  between  the  normal 
and  alcohol  animals  was  observed: 
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Date. 

Weight  of 
guinea  pig. 

Remarks. 

October  4,  1905 

Grams. 

400 

10  per  cent  alcohol  on  part  of  food. 

October  10,  1905...' 

420 

October  14,  1905 

Alcohol  increased  to  20  per  cent. 

October  20,  1905 

440 

October  24,  1905 

Alcohol  increased  to  30  per  cent. 

November  2,  1905 

435 

November  8,  1905 

450 

November  14,  1905 

460 

November  21,  1905 

500 

November  28,  1905 

490 

Alcohol  increased  to  40  per  cent. 

Decembers,  1905 

530 

106  milligrams  acetonitrile  (0.2  milligram  per 

gram).  Survived. 

The  excretion  of  cyanogen  was  as  follows: 


Day. 


Cyanogen. 


First  day... 
Second  day 
Third  day.. 
Fourth  day. 


Milligrams. 

10.5 
7.4 
5.  5 
4.8 


Total 


28.2 


One  hundred  and  six  milligrams  acetonitrile  contains  67.2  milligrams 
cyanogen;  hence  41.9  per  cent  had  been  excreted  as  sulphocyanate. 
The  control  experiment  was  as  follows: 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

October  4,  1905 

October  10,  1905 

Grams. 

385 

410 

450 

450 

435 

505 

Food  as  in  the  above,  except  for  the  alcohol. 

101  milligrams  acetonitrile  (0.2  milligram  per 
gram).  Sunuved. 

October  20,  1905 

November  8,  1905 

November  14,  1905 

Decembers,  1905 

The  cyanogen  excretion  was  as  follows : 


Day. 

Cyanogen. 

First  day 

Milligrams. 

2.7 

5.2 

4.0 

2.7 

Second  dav 

Third  day 

Fourth  dav 

Total 

14.6 
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One  hundred  and  one  milligrams  acetonitrile  contains  64  milli- 
grams cyanogen;  hence  but  22.8  per  cent  of  the  cyanogen  was 
excreted  as  sulphocyanate.  The  guinea  pig  on  alcohol  had  converted 
1.84  times  as  much  of  the  cyanogen  of  the  nitrile  into  sulphocyanate 
as  the  normal. 

Thus  in  all  of  the  above  experiments  the  guinea  pig  which  had 
been  receiving  alcohol  excreted  much  more  sulphocyanate  after  the 
administration  of  acetonitrile  than  did  the  normal;  in  most  cases  this 
excretion  was  about  1.7  times  as  great.  The  same  results  were 
obtained  in  a number  of  other  experiments,  the  only  exceptions  being 
in  a few  experiments  in  which  the  alcohol  guinea  pig  became  very 
sick  after  the  nitrile;  in  such  cases  there  was  either  no  greater  excre- 
tion of  sulphocyanate  or  there  was  a smaller  excretion;  but  in  all 
these  experiments  the  guinea  pig  finally  died,  although  death  was 
sometimes  delaved  for  a week. 

t. 

The  increased  formation  of  sulphocyanate  found  in  the  above 
experiments  vfith  alcohol  admits  of  two  possible  explanations:  (1) 
there  may  have  been  an  increased  formation  of  sulphocyanate  due  to 
an  increased  breaking  up  of  the  acetonitrile  molecule;  or  (2)  equal 
amounts  of  sulphocyanate  may  have  been  formed,  but  normal  animals 
may  have  the  power  of  destroAung  more  sulphocyanate.  The  latter 
supposition  would  be  more  in  accord  vfith  the  rather  generally  held 
view  that  oxidation  processes  are  lowered  by  alcohol. 

On  the  other  hand,  recent  experiments  by  Poliak  indicate  that  nor- 
mal animals  (dog,  rabbit,  man)  destroy  no  sulphocyanate  when  this 
is  administered  as  such.®  My  experiments  on  guinea  pigs  are  in 
accord  with  Poliak’s  results  with  other  animals  in  showing  that  there 
is  no  great  destruction  of  sulphocyanate  when  given  subcutaneously; 
and  no  difference  was  observed  between  normal  and  alcohol  animals 
in  this  respect. 

Fate  of  sulphocyanate  in  normal  and  alcohol  guinea  pigs. — My 
experiments  vfith  the  subcutaneous  injection  of  sodium  sulphocyanate 
into  guinea  pigs  were  not  very  satisfactory,  for  although  death  did 
not  result  immediately  there  was  usually  much  necrosis  about  the 
point  of  injection  and  death  frequently  occurred  several  days  later. 

Examples  of  such  experiments  are  as  follows:  The  first  experi- 
ment was  upon  one  of  the  guinea  pigs  which  had  been  used  for  a 
nitrile  experiment  (see  last  experiment  above);  the  alcohol  had  been 

oHofmeister’s  Beit.,  v.  2,  p.  430.  A similar  result  had  been  obtained  by  Salkowski 
(Virchow’s  Archiv.,  v.  58,  p.  460;  1873);  Bmylants  and  Lang  believed  that  much 
sulphocyanate  was  destroyed  in  the  organism.  The  results  of  Poliak  as  regards  the 
administration  of  sulphocyanate  per  os  to  man  are  in  direct  opposition  to  those  of 
Edinger  and  Clemens  (Zeit.  fiir  klin.  Med.  v.  59,  p.  218);  these  authors  found  less 
than  half  of  the  sulphocyanate  to  be  excreted. 
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continued  from  December  3.  There  had  been  an  increase  in  weight, 
as  shown  below. 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

DecembGr  14,  1905 

Grams. 

485 

570 

540 

568 

170.4  milligrams  sodium  sulphocyanate  (0.3 
milligram  per  gram)  subcutaneously.  Died 
in  3 days,  14  hrs.;  considerable  necrosis 
about  point  of  injection. 

December  21,  1905 

December  29,  1905 

January  2,  1906 

The  excretion  of  cyanogen  was  as  follows : 


Date. 

Cyanogen. 

First  day 

Milligrams. 

24.8 

Second  day 

6.  7 

Third  day 

6.  4 

Total 

37.9 

Thirty-seven  and  nine-tenths  milligrams  cyanogen  corresponds  to 
118  milligrams  sodium  sulphocyanate ; hence  69.3  per  cent  of  the 
sodium  sulphocyanate  appeared  in  the  urine. 

The  control  (see  above  for  early  history)  was  as  follows: 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

December  14,  1905 

Grams. 

540 

600 

500 

602 

180.6  milligrams  sodium  sulphocyanate  (0.3 
milligram  per  gram)  subcutaneously.  Re- 
covered, but  there  was  considerable  necrosis 
about  point  of  injection. 

December  21,  1905  

December  29,  1905 

January  2,  1906 

The  excretion  of  cyanogen  was  as  follows : 


Day. 

Cyanogen. 

First  day 

Milligrams. 

33.8 

8.3 

0.0 

Second  day 

Third  day 

Total 

42.1 
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Forty-two  and  one-tenth  milligrams  cyanogen  corresponds  to  131.2 
milligrams  sodium  sulphocyanate ; hence  72.6  per  cent  of  the  sodium 
sulphocyanate  injected  had  reappeared  in  the  urine. 

In  the  following  experiments  smaller  doses  of  the  sulphocyanate 
were  given;  there  was  but  little  necrosis. 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

December  11,  1905 

Grams. 

200 

Part  of  food  soaked  in  50  per  cent  alcohol. 

December  18,  1905 

205 

January  2,  1906 

270 

January  8,  1906 

325 

January  18,  1906 

375 

January  25,  1906 

400 

February  15,  1906 

485 

February  28,  1906 

545 

November  6,  1906 

670 

November  11,  1906 

630 

126  milligrams  sodium  sulphocyanate  (0.2  mil- 
ligram per  gram)  subcutaneously.  Sur- 
vived. 

The  excretion  of  cyanogen  was  as  follows: 


Day. 

Cyanogen. 

First  day 

Milligrams. 

30.30 

5.35 

3.25 

38.90 

Second  day 

Third  day 

Total 

Thirty-eight  and  nine-tenths  milligrams  cyanogen  corresponds  to 
121.2  milligrams  sodium  sulphocyanate;  hence  96  per  cent  of  the 
sodium  sulphocyanate  was  recovered  from  the  urine. 

The  control  was  as  follows : 


Date. 

Weight  of 
guinea  pig. 

December  13, 1905 . . 

Grams. 

150 

225 

300 

385 

430 

490 

587 

670 

700 

January  2,  1906 

January  18, 1906 

February  15,  1906 

February  28'  1906 

March  23,  1906 

July  16,  1906 

October  6,  1906 

October  11,  1906 

Remarks. 


Food  as  in  the  preceding  experiment  except 
for  the  alcohol. 


140  milligrams  sodium  sulphocyanate  (0.2 
milligram  per  gram)  subcutaneously.  Sur- 
vived. 
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The  excretion  of  cyanogen  was  as  follows: 


Day. 

Cyanogen. 

First  day 

Milligrams. 

32.35 

2.60 

4.64 

Second  day 

Third  day 

Total 

39.59 

Thirty-nine  and  fifty-nine  hundredths  milligrams  cyanogen  cor- 
responds to  123.4  milligrams  sodium  sulphocyanate ; 88  per  cent  of 
the  sodium  sulphocyanate  administered  was  therefore  recovered  from 
the  urine. 

In  the  following  experiments  the  sodium  sulphocyanate  was  ad- 
ministered jper  os;  this  method  is  unsatisfactory  since  the  element  of 
absorption  from  the  intestinal  tract  is  involved. 


Date. 

Weight  of 
guinea  pig. 

Remarks. 

December  13,  1905 

December  29,  1905 

January  2,  1906  

Grams. 

505 

435 

30  per  cent  alcohol  on  part  of  food. 
40  per  cent  alcohol  on  part  of  food. 
50  per  cent  alcohol  on  part  of  food. 

February  2,  1906 

February  6,  1906 

510 

March  5,  1906 

450 

April  13’  1906 

690 

June  22,  1906 

620 

July  13,'  1906. : 

730 

September  17,  1906  . ..... 

710 

213  milligrams  sodium  sulphocyanate  (0. 3 
milligram  per  gram)  per  os.  Survived. 

The  excretion  of  sulphocyanate  (calculated  as  the  sodium  salt)  was 
as  follows : 


Day. 

Sodium  sulpho- 
cyanate. 

First  day  . 

Milligrams. 

75.33 

Second  day 

27.14 

Third  day 

8.51 

Total 

110. 98 

Thus  52.1  per  cent  of  the  sodium  sulphocyanate  administered  per 
os  reappeared  in  the  urine  in  three  days. 
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The  control  experiment  was  as  follows;  The  guinea  pig  belonged 
to  the  same  litter  as  the  above  and  had  been  kept  on  the  same  food 
(with  the  exception  of  the  alcohol)  since  December,  1905. 


Date. 

W eight  of 
guinea  pig. 

Remarks. 

September  17,  1906  

Grams. 

670 

201  milligrams  sodium  sulphocyanate  (0.3  mil- 
ligram per  gram)  jper  os. 

The  secretion  of  sulphocyanate  (calculated  as  the  sodium  salt)  was 
as  follows: 


i 

Day. 

Sodium  sulpho- 
cyanate. 

First  day 

Milligrams. 

99.  23 

Second  day 

40. 10 

Third  day 

5.27 

Total 

144. 60 

In  this  case  71.9  per  cent  of  the  sulphocyanate  administered  fer  os 
reappeared  in  the  urine;  that  is,  the  normal  animal  excreted  more 
than  the  animal  on  alcohol,  which  is  just  the  reverse  of  what  occurs 
after  the  administration  of  acetonitrile. 

The  above  experiments  show  that  there  is  practically  no  difference 
between  the  amounts  of  sulphocyanate  excreted  by  normal  and  alco- 
holic guinea  pigs  after  the  administration  of  sodium  sulphocyanate; 
hence,  the  increased  excretion  by  the  guinea  pigs  on  alcohol  of  sul- 
phocyanate, after  the  administration  of  acetonitrile,  most  probably 
depends  upon  an  increased  formation  of  sulphocyanate,  and  hence  upon 
an  increased  breaking  up  of  the  molecule  of  acetonitrile.  Whether 
this  increased  breaking  up  of  the  acetonitrile  is  due  to  processes  of 
oxidation  (as  I suppose  to  be  the  case)  or  to  simple  cleavage,  it  is  im- 
possible to  state.  In  any  case,  the  increased  susceptibility  of  the 
alcohol  animals  is  evidently  connected  with  profound  modifications 
of  metabolic  processes,  and  thus  one  case  of  increased  susceptibility 
can  be  taken  from  the  vague  class  of  ^‘lowered  resistance”  and  a 
rational  explanation  offered. 

WTiile  it  may  not  be  altogether  justifiable  to  bring  in  Ehrlich’s 
side-chain  theory  of  immunity  in  this  connection,  yet  this  theory 
enables  us  to  form  a mental  picture  of  how  the  tolerance  for  alcohol 
and  the  increased  powder  to  oxidize  the  methyl  group  of  acetonitrile 


33 


might  be  brought  about.  If  we  suppose  that  alcohol  is  normally 
oxidized  by  reactive  chemical  groups  analogous  to  side  chains,  then 
the  tolerance  may  be  thought  of  as  due  to  an  increase  in  the  number 
of  these  groups  and  it  is  very  natural  to  suppose  that  an  organism 
that  has  acquired  increased  power  of  oxidizing  the  ethyl  group  of 
alcohol  has  also  acquired  increased  power  of  oxidizing  the  methyl 
group  of  acetonitrile.  This  is  but  a suggestion;  yet  it  should  be 
remembered  that  Ehrlich  proposed  his  side-chain  theory  of  the 
structure  of  living  matter  in  connection  with  his  work  on  oxidation 
and  sometime  before  he  began  his  work  on  immunitv.® 

This  explanation  is  very  similar  to  the  one  recently  suggested  by 
Vaughan^  for  the  Rosenau- Anderson ” ^ or  “Theobold  Smith” 
phenomenon  (the  hypersusceptibility  of  guinea  pigs  to  horse  serum 
after  a previous  injection  of  horse  serum).  Vaughan  supposes  the 
proteid  molecules  (of  horse  serum,  for  example)  to  contain  toxic 
groups;  the  first  time  the  horse  serum  is  injected  the  body  breaks  up 
the  molecule  but  slowly,  so  that  the  toxic  groups  are  set  free  slowly, 
and  there  are  no  symptoms  of  intoxication.  But  if  a second  injection 
is  made  after  ten  days  ‘‘the  cells  tear  the  molecule  to  pieces  quicker 
than  before;  this  sets  the  poisons  free  quicker  and  the  animal  dies.” 
These  experiments  with  alcohol  and  acetonitrile  are  of  interest 
in  another  connection.  The  greatest  advance  in  recent  years  in 
our  knowledge  of  the  physiological  action  of  alcohol  has  been  the 
clear  demonstration  that  alcohol  is  oxidized  in  the  body  and  may 
replace  fats  and  carbohydrates  and,  to  a certain  extent,  the  proteids 
of  an  ordinary  diet.  So  clear  has  been  this  demonstration  that  the 
view  that  alcohol,  in  moderate  amounts,  should  be  regarded  as  a food 
is  almost  universally  accepted  by  physiologists,  and  the  drift  of 
opinion  is  certainly  toward  the  view  that  it  is  in  all  respects  strictly 
analogous  to  sugar  and  fats,  provided  always  that  the  amount  used 
does  not  exceed  that  easily  oxidized  by  the  body.  Under  these 
premises  it  would  be  expected  that  alcohol  in  a diet  would  have  the 
same  effect  upon  an  animars  susceptibility  to  acetonitrile  as  has  dex- 
trose, for  example.  This  is  by  no  means  the  case,  however;  on  the 
contrary,  the  action  of  these  substances  in  this  regard  is  entirely 
different.  Mice  fed  upon  oats  soaked  in  a solution  of  dextrose  or 
upon  cakes  containing  considerable  dextrose,  or  upon  rice,  show  a 
very  distinct  increase  in  their  resistance  to  acetonitrile;  such  mice 

a Ehrlich,  Das  Sauerstoff-Bediirfniss  des  Organismus,  1885. 

^ Journ.  Amer.  Med.  Assoc.,  v.  47,  p.  1009;  1906. 

c Bulletin  No.  29,  Hygienic  Laboratory,  1906. 

Otto,  V.  Leuthold-Festschrift,  1906. 
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may  recover  from  two  or  even  three  times  the  dose  fatal  to  controls.® 
While  these  facts  are  not  sufficient  to  justify  the  conclusion  that  in 
many  cases  alcohol  has  not  a true  food  value,  yet  they  are  sufficient 
to  indicate  caution  in  applying,  wdthout  further  consideration,  the 
brilliant  and  very  exact  results  on  the  proteid  sparing  power  of 
alcohol  to  practical  dietaries.^ 

The  method  of  experimenting  pursued  in  the  above,  namely,  the 
determination  of  the  effect  of  the  long-continued  use  of  a drug  upon 
the  action  of  other  drugs  seems  adapted  to  the  study  of  other  problems 
in  pharmacology  such  as  those  dealing  with  effects  of  food  pre- 
servatives, for  example,  where  experiments  made  upon  healthy  men 
and  animals  with  small  doses  have  often  led  to  as  inconclusive  results 
as  similar  experiments  with  alcohol. 

« It  is  probable  that  the  explanation  of  the  increased  resistance  to  acetonitrile  of 
animals  fed  largely  upon  carbohydrates  is  that  such  animals  do  not  break  up  so  much 
of  the  nitrile.  Thus  in  experiments  upon  two  dogs,  one  of  which  had  been  kept  for 
some  time  upon  a diet  consisting  largely  of  lean  meat,  the  other  upon  a diet  consisting 
largely  of  rice,  lard,  and  sugar,  the  meat-fed  dog  excreted  1.8  times  as  much  cyanogen 
in  the  form  of  sulphocyanate,  after  a given  dose  of  acetonitrile,  as  did  the  carbohydrate- 
fed  dog;  the  symptoms  of  poisoning  were  also  more  severe  in  the  former.  Proteids  are 
generally  held  to  increase  certain  physiological  oxidations;  hence  the  above  results 
are  in  accord  with  the  hypothesis  that  processes  of  oxidation  are  involved  in  poisoning 
by  acetonitrile.  The  markedly  increased  resistance  of  animals  receiving  a limited 
amount  of  food  (see  experiments  on  mice  above)  may  similarly  be  supposed  to  be  due 
to  a lowering  of  certain  of  the  processes  of  oxidation  in  the  body;  in  two  experiments 
on  guinea  pigs  which  had  received,  for  some  time,  a limited  diet  there  was  a decidedly 
smaller  excretion  of  sulphocyanate  after  the  administration  of  acetonitrile  than  in  the 
normal  animals.  Upon  such  a diet  the  body  seems  to  acquire  the  ability  to  limit  the 
decompositon  of  this  poison  just  as  it  does  that  of  the  consumption  of  proteids  and 
energy  in  certain  diseases  (Ki’ehl,  Clinical  Pathology,  translation,  p.  ,319).  On  the 
other  hand  it  may  be,  as  !Mr.  Clowes  has  suggested,  that  in  the  case  of  the  large  proteid 
diet  the  cyanogen,  rather  than  the  methyl  group,  should  be  considered;  that  is,  that 
the  organism  accustomed  to  dealing  with  the  nitrogen  groups  of  proteids  would  attack 
the  cyanogen  group  first,  setting  it  free  much  more  rapidly  than  it  could  be  neutmlized 
by  sulphur. 

b Chittenden  (Med.  News,  v.  86,  p.  721)  also  cautions  against  accepting,  without 
reservation,  the  view  that  alcohol  should  be  considered  a food  comparable  with  the 
carbohydrates;  he  bases  this  view  upon  Beebe’s  work  on  the  effect  of  alcohol  upon  uric 
acid  excretion  which  he  interprets  as  showing  that  alcohol  diminishes  the  oxidation  of 
uric  acid.  Chittenden  expresses  his  conclusions  in  the  following  forceful  words: 
“However  this  may  be,  it  is,  I think,  quite  plain  that  while  alcohol  in  moderate 
amounts  can  be  burned  in  the  body,  thus  serving  as  food  in  the  sense  that  it  may  be  a 
source  of  energy,  it  is  quite  misleading  to  attempt  a classification  or  even  comparison 
of  alcohol  with  carbohydrates  and  fats,  since,  unlike  the  latter,  alcohol  has  a most  dis- 
turbing effect  upon  the  metabolism  or  oxidation  of  the  purin  compounds  of  our  daily 
food.  Alcohol,  therefore,  presents  a dangerous  side  wholly  wanting  in  carbohydrates 
and  fats.  The  latter  are  simply  burned  up  to  carbonic  acid  and  water,  or  are  trans- 
formed into  glycogen  and  fat,  but  alcohol,  though  more  easily  oxidizable,  is  at  all  times 
liable  to  obstruct,  in  some  measure  at  least,  the  oxidative  processes  of  the  liver,  and 
probably  of  other  tissues  also,  thereby  throwing  into  the  circulation  bodies  such  as 
uric  acid  which  are  inimical  to  health;  a fact  which  at  once  tends  to  draw  a distinct 
line  of  demarcation  between  alcohol  and  the  two  nonnitrogenous  foods — fat  and 
carbohydrate.” 
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II. 

THE  EFFECT  OF  ALCOHOL  UPON  THE  SULPHUR  OF  THE  URINE. 

1.  Efiect  of  alcohol  upon  the  excretion  of  ethereal  sulphates. — The  fol- 
lowing experiments,  although  very  incomplete,  seem  worth  recording, 
for  they  bring  out  an  action  of  alcohol  which  has  apparently  been  but 
seldom  jioticed.  Briefly  stated,  it  is  shovm  that  the  excretion  of 
ethereal  sulphates  in  the  urine  may  be  increased  many  times,  both 
absolutely  and  relatively  to  the  inorganic  sulphates,  by  the  adminis- 
tration, continued  for  some  time,  of  alcohol.  It  was  found,  for  exam- 
ple, that  their  absolute  amount  might  be  increased  in  the  rabbit  from 
8 or  9 milligrams  per  day  to  over  100  milligrams,  while  the  percentage 
of  sulphuric  acid  excreted  in  this  form  might  increase  from  3 or  4 to  50. 

There  are  a few  statements  in  the  literature  on  alcohol  which  might 
have  suggested  that  such  a result  would  be  found.  Edsall,®  for  ex- 
ample, found  the  urine  in  a number  of  cases  of  chi'onic  alcoholism 
to  contain  large  amounts  of  phenol,  a substance  usually  excreted  in 
combination  with  sulphuric  acid;  he  was  inclined  to  regard  this  as  an 
indication  that  the  liver  had  been  injured  by  alcohol  and  so  was 
unable  to  destroy  as  much  phenol  as  normally.^  De  Schweinitz  and 
Edsall  ^ reported  a number  of  cases  of  tobacco-alcohol  amblyopia  in 
which  there  were  present  in  the  urine  abnormal  amounts  of  indican, 
phenol,  and  of  total  ethereal  sulphates;  they  concluded  that  toxic  sub- 
stances produced  in  the  digestive  tract  probably  have  a part  in  the 
production  of  this  form  of  amblyopia. 

Herter  in  his  Lectures  on  Chemical  Pathology  (p.  161)  suggested 
that  the  gastritis^  and  motor  disturbances  following  the  abuse  of  alco- 
hol may  lead  to  increased  putrefaction  and  that  the  products  of  the 
latter  uifhct  injuries  to  the  liver  wliich  may  ultimately  be  a factor  in 
the  production  of  cuThosis  of  the  liver. 

Experimental.^ — The  experiments  were  performed  upon  rabbits. 
The  alcohol  was  introduced  into  the  stomach  by  means  of  a soft  rubber 

«Univ.  of  Penn.  Med.  Bull.,  v.  16,  p.  436;  1903-4. 

& That  narcotic  drugs  may  inhibit  the  ability  of  the  liver  to  transform  phenol  was 
shown  by  Herter  and  Wakeman  (Jour.  Exper.  Med.,  v.  4,  p.  322;  1899),  who  found  that 
less  phenol  could  be  recovered,  by  distillation,  from  the  liver  of  a normal  animal  than 
from  one  which  had  been  anaesthetized  for  a long  time. 

cAmer.  Jour.  Med.  Sci.,  v.  126,  p.  216;  1903. 

Jagie  (Wien.  klin.  Woch.,  v.  19,  p.  1058;  1906)  found  alcoholic  gastritis  and  enteritis 
as  the  initial  symptoms  of  cirrhosis  of  the  liver  in  a large  number  of  cases. 

«A  number  of  the  earlier  sulphate  determinations  in  these  experiments  were  made 
by  Mr.  M.  B.  Porch,  formerly  assistant  in  pharmacology,  to  whom  I wish  to  express  my 
thanks. 
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catheter;  it  was  always  warmed  to  the  body  temperature  and  diluted 
^dth  water  to  about  25  per  cent.  The  same  food  (cabbage  and  car- 
rots) was  given  throughout  the  entire  experiment;  no  attempt  was 
made  to  determine  the  amount  eaten.  The  urine  was  collected  tvdce 
a day  from  a dish  placed  under  the  cage;  the  amount  collected  in 
twenty-four  hours  varied  considerably.  The  sulphur  determinations 
were  made  by  Folin’s  method,®  Gooch  crucibles  being  used.  Dupli- 
cate analyses  were  always  made. 

Experdiext  I. — Rabbit,  dark  gray;  alcohol  daily  after  January  15. 


Date. 

Weight 
in  grams. 

Alcohol. 

Total 
S as  SO3 
in  miUi- 
grams. 

Total 
sulphates 
as  SO3 
in  milli- 
grams. 

Inorganic 
sulphates 
as  SO3 
in  milli- 
grams. 

Ethereal 
sulphates 
as  SO3 
in  milli- 
grams. 

Percent- 
age of 
sulphates 
as  ethe- 
real sul- 
phates. 

In  grams. 

Grams 
per  kilo. 

1905. 

Dec.  14 

Dec.  21 

2,400 
2,  400 

o orkA 

Dec.  25 2,  390 


1906. 

Jan.  2 2,320  

Jan.  8-9 442.5  a 279.2|  269.9  9.3  3.3 

Jan.  9-11 b 266.9  : 258.8  8.1  3.0 

Jan.  15 2,270  6.81  3 ' 

Jan.  21-22 59.7  1 34.0  25.7  43.0 

Jan.  22-23 89.1!  64.9  24.2  27.0 

Jan.  24 2,070  i 

Jan.  26 2,040  i 

Feb.  7-8 189.7  j 175.9!  13.8  7.3 

Feb.  8-9 115.0  1 106.0;  9.0'  7.8 

Feb.  9 2,090  ' 


a 64.5  per  cent  of  total  S.  6 Mean  of  two  days. 

Thus,  vdthin  a week  after  beginning  the  alcohol  the  absolute 
amount  of  the  total  sulphate  had  decreased  markedly,  but  the  ethereal 
sulphates  had  increased  from  8 or  9 milligrams  to  about  25  milli- 
grams; the  percentage  of  sulphate  excreted  as  ethereal  sulphate  had 
increased  from  about  3 to  43.  The  same  dose  of  alcohol  (3  grams 
per  kilo)  was  continued  daily  (vdth  the  occasional  intermission  of  a 
day)  for  three  weeks;  both  the  absolute  and  relative  amount  of 
ethereal  sulphate  fell.  This  effect  may  have  been  due  to  the  estab- 
lishment of  tolerance  for  the  alcohol. 


« Jour.  Biol.  Cbem.,  v.  1,  p.  131;  1906.  In  working  with  rabbits’  urine  I have  found 
it  necessary  to  frequently  renew  the  asbestos  mats  of  the  Gooch  crucibles;  otherwise 
they  either  allowed  a little  barium  sulphate  to  pass  through  or  the  filtration,  even  with 
strong  pressure,  became  extremely  slow.  I have  found  the  method  to  work  admirably 
with  normal  human  and  dog’s  urine. 
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Experiment  II. — Rabbit,  black;  alcohol  daily  after  November  4- 


Date. 

Weight 
in  grams. 

Alcohol. 

Total 
S as  SO3 
in  milli- 
grams. 

Total 
sulphates 
as  SO3 
in  milli- 
grams. 

Inorganic 
sulphates 
as  SO3 
in  milli- 
grams. 

Ethereal 
sulphates 
as  SO3 
in  milli- 
grams. 

Percent- 
age of 
sulphates 
as  ethe- 
real sul- 
phates. 

In  grams. 

Grams 
per  kilo. 

1905. 

No\  .2-3 

2,  035 

260.7 

248.2 

12.5 

4.8 

Nov.  3—4 .... 

281.6 

270.6 

n 

3.9 

Nov.  4 . . . . 

2,  020 

4.04 

2 

Nov.  13 

2' 075 

Nov.  23 

2, 120 

Nov.  28 

2,  230 

6.7 

3 

Dec.  7 

“ 2^  350 

9.4 

4 

Dec.  9 

8.  2 

3.5 

Dec.  18 

2, 190 

1906. 

• 

Jan. 8-9 

346 

& 224.  4 

194.9 

29.5 

13.1 

Jan. 9-10 

365.2 

C239 

212.8 

26.2 

10.9 

“Had  6 young  December  11.  t)  64.8  per  cent  of  total  S.  c05.4  per  cent  of  total  S. 


In  the  following  experiment  there  was  a return  of  the  ethereal 
sulphate  excretion  to  normal  when  the  alcohol  was  discontinued. 

Experiment  III. — White  rabibt;  alcohol  daily  from  October  8 to  December  7. 


Date. 

Weight 
in  grams. 

Alcohol. 

Total 
sulphates 
as  SO3 
in  milli- 
grams. 

Inorganic 
sulphates 
as  SO3 
in  milli- 
grams. 

Ethereal 
sulphates 
as  SO3 
in  milli- 
grams. 

Per  centage 
of  sulphates 
as  ethereal 
sulphates. 

In  grams. 

Grams 
per  kilo. 

1906. 

Oct.  5-6 

2, 140 

327.8 

225.2 

315.6 

210 

12.2 

15.2 

3.7 

6.8 

Oct.  6-7 

Oct.  8 

2, 150 
2,  060 
2, 140 

4.3 

2 

Oct.  10 

Oct.  15 

Oct.  16-17... 

372.8 

354.7 

18.1 

4.9 

Oct.  18 

2,  030 
2,  030 
2,  020 
2,  040 
2,  070 
2,  010 
2,  010 
2,  010 

1,  985 

2,  020 

Oct.  19 

6.09 

3 

Oct.  20 

Oct.  23-24... 
Oct.  25 

314 

308.6 

5.4  1.7 

Oct.  30 

Nov.  5 

Nov.  6 

7.04 

3.5 

Nov.  10 .... . 

Nov.  15 

Nov.  15-17 . . 

“194.  8 
“165.  3 

145.5 

130.5 

49.3 

34.8 

25.3 

21.1 

Nov.  17-19 . . 

Nov.  19 

2,  020 
1,  990 
1,  950 

8.08 

8.96 

4 

4.5 

Nov.  22 

Nov.  25 

Nov.  26-7.... 

180 

180 

135.6 

125.3 

44.4 

54.7 

24.7 

30.4 

Nov.  27-28.. 

Nov.  30 

1,  935 

Dec.  4-6 

“ 200.  6 

96.7 

103.9 

51.8 

Dec.  6 

1,  920 
(^) 

2,  030 

Dec.  7 

(^) 

(^) 

(^) 

(^) 

(f) 

(^) 

Dec.  15 

Dec.  15-17.. 

“ 186 

182.3 

■ 3.7 

1.9 

1 

» Mean,  ^ Alcohol  discontinued. 
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The  rabbit  used  for  the  following  experiment  was  very  resistant  to 
alcohol,  and  the  characteristic  urinary  changes  occurred  only  after  the 
administration  of  large  doses. 

ExPERiiiEXT  IV. — Rahhit,  broicn;  alcohol  daily  from  October  10. 


V eight 
in  grams. 

Alcohol. 

Total 

sulphates 

Inorganic 

sulphates 

Ethereal 

sulphates 

Per  centage 
of  sulphates 
as  ethereal 
sulphates. 

Dat«. 

In  grams. 

Grams 
I>er  Mlo. 

as  SO3 
in  milli- 
grams. 

as  SO3 
in  milli- 
grams. 

as  SO3 
in  milli- 
grams. 

1906. 

Oct.  5 

Oct.  7-8 

2,  310 

296.9 

287.1 

9.8 

3.3 

Oct.  8-9 

Oct.  10 

2,  220 

4.44 

9 

180.2 

175 

5.  2 

2.9 

Oct.  15 

Oct.  18-19... 

2, 180 

275.  7 

266.8 

8.9 

3.2 

Oct.  20 

2. 190 

6.  57 

3 

Oct.  25 

Oct.  30 

Oct.  31 

Xov.  1 

2.  240 
2,  280 

1 

438.6 

424.8 

13.8 

3.1 

2,  310 

Xov.  5 

Xov.  6 

2,  310 

8.05 

3.5 

Xov.  10 

Xov.  15 

Xov.  16. . '. . . . 

2,  350 
2, 140 
2, 140 

8.56 

4 

246 

212.9 

33.1 

13.5 

Xov.  19-20.. 

194.8 

159. 1 

35.  7 

18.3 

Xov.  22 

2,  020 

9.09 

4.  5 

Xov.  25 

2,  270 

Xov.  26 

2,  270 

11.  35 

5 

Xov.  30 

Dec.  1-2 

2, 135 

243.2 

215.  7 

27.5 

11.3 

Dec.  2-3 

Dec.  5 

2, 170 

11.94 

5.  5 

214. 

188.1 

25.9 

12.1 

Dec.  10 

2. 100 

Dec.  13 

2, 140 

12.84 

6 

Dec.  15 

Dec.  lo  . . . 

2, 150 
2,220 
2,  L50 

6.  5 

14.43 

Dec.  20 

Dec.  20-21  . - 
Dec.  22 

175. 1 

124. 1 

51 

29.1 

2, 160 

15. 12 

i 

Dec.  27 

2!  090 

Dec.  31 

2,  030 

1907. 

Jan.  3 

Jan.  4-5 

1,  880 

& 58.  2 

42.5 

15.  7 

27.0 

a Died. 


^ From  urine  for  about  ten  hours  before  death. 


Sulphate  determinations  were  frequently  made  upon  the  urine  of 
normal  rabbits  kept  under  the  same  conditions  as  those  which  were 
receiving  alcohol,  the  object  being  to  determine  if  prolonged  confine- 
ment would  cause  any  increase  in  the  excretion  of  ethereal  sulphates. 
The  latter  did  not  occur.  There  were  some  variations  in  both  the 
absolute  amount  of  ethereal  sulphates  and  in  the  percentage,  but 
these  never  reached  the  figures  constantly  obtained  with  rabbits 
receiving  alcohol. 
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Results  similar  to  the  above  were  obtained  in  two  experiments  upon 
guinea  pigs.  Under  the  influence  of  alcohol  the  percentage  of  the 
ethereal  sulphates  increased  from  1 or  2 to  30  or  37. 

Discussion. — The  most  striking  effect  of  alcohol  shown  in  the  above 
tables  is  the  increase  in  the  excretion  of  the  ethereal  sulphates.® 
Yfe  may  now  take  up  the  question  as  to  the  probable  cause  of  this 
increase. 

The  views  as  to  the  significance  of  the  ethereal  sulphates  are  not  in 
entire  accord.  For  some  time  after  their  discovery  by  Baumann 
they  were  generally  held  to  be  an  index  of  the  amount  of  intestinal 
putrefaction.  The  correctness  of  this  interpretation  was,  however, 
sometimes  questioned.  Thus  Schfitz,^  in  1901,  called  attention  to 
the  fact  that  a variable  amount  of  these  products  are  excreted  in  the 
feces  and  that  another  part  is  destro}^ed  in  the  organism;  hence  but 
a part  of  those  formed  appear  in  the  urine. 

Yer}^  recently  Folin  ^ and  Shaffer  ^ have  reported  experiments 
tending  to  show  that  not  all  of  the  ethereal  sulphate  present  in  the 
urine  comes  from  the  absorption  of  the  products  of  intestinal  putre- 
faction. Thus  Folin  found  the  indican  (one  of  the  most  prominent 
of  the  ethereal  sulphates)  to  disappear  from  the  urine  entirely  upon  a 
starch  and  cream  diet,  wliile  the  absolute  quantity  of  ethereal  sul- 
phates was  reduced  only  to  about  one-half  of  the  amount  eliminated 
on  a nitrogen-rich  diet.  Folin  concludes  from  this  and  other  observa- 
tions: ‘‘The  ethereal  sulphates  can  only  in  part  be  due  to  intestinal 
putrefaction,  and  neither  their  absolute  nor  their  relative  amount 
can  be  accepted  as  an  index  of  the  extent  to  which  putrefaction  is 
taking  place  in  the  intestines.”  Folin  drew  his  conclusions  from 
observations  upon  normal  individuals.  While  they  seem  to  show 
clearly  that  there  is  normally  excreted  some  ethereal  sulphate  which 
is  not  connected  with  intestinal  putrefaction,  yet  there  seems  to  be 
nothing  in  them  contrary  to  the  view  that  when  the  ethereal  sulphates 
are  largely  increased  in  pathological  conditions  this  increase  is  not  due 
chiefly  to  increased  intestinal  putrefaction.  It  may  be  added  that 
V.  Tabora  ^ and  Koziczkowsky,^  two  of  the  latest  writers  on  this 

« There  was  in  nearly  all  cases  a diminution  in  the  total  sulphate  excretion.  As 
the  sulphate  excretion  is,  generally  speaking,  parallel  to  the  proteid  katabolism,  the 
above  results  indicate  that  a smaller  amount  of  proteid  was  being  katabolized  under 
the  influence  of  alcohol.  In  the  absence  of  data  concerning  the  intake  of  food,  it  is  not 
possible  to  determine  whether  this  result  was  due  to  the  proteid-sparing  power  of  the 
alcohol  or  to  the  animals  eating  less. 

&Arch.  f.  Verdauungskrank.,  v.  7,  p.  43. 

c Amer.  Journ.  Physiol.,  v.  13,  p.  99,  1905. 

d Ibid.,  V.  17,  p.  380,  1906. 

e Dtsch.  Arch.  f.  klin.  Med.,  v.  87,  p.  254,  1906. 

/ Zeit.  f.  klin.  Med.,  v.  57,  p.  413. 
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subject;  found  a parallelism;  although  not  complete;  between  the 
excretion  of  total  ethereal  sulphates  and  of  indican. 

Pringsheim®  has  recently  made  a suggestion  which  is  of  special 
interest  in  this  connection;  namelj;  that  after  the  administration  of 
alcohol  some  of  this  is  excreted  as  the  ethyl  ether  of  sulphmic  acid.^ 
His  arguments  and  experiments;  are;  however;  not  at  all  conclusive. 
This  is  a point  well  worth  further  investigation;  however. 

Accepting  what  seems  to  be  the  most  probable  explanation  of  the 
great  increase  in  the  ethereal  sulphates  in  the  above  experiments; 
namely;  that  they  have  their  origin  in  increased  intestinal  putrefaction; 
we  may  now  consider  how  such  increased  putrefaction  may  be  caused 
by  alcohol.  Among  the  numerous  conditions  to  which  increased 
intestinal  putrefaction  has  been  attributed  there  are  two  of  special 
interest  in  this  connection — chronic  intestinal  catarrh  and  dimmution 
of  free  hydrochloric  acid  in  the  stomach.  Both  of  these  are  well- 
known  results  of  the  admmistration  of  alcohol.  ThuS;  Friedenwald 
found  a gradual  reduction  in  free  hydrocliloric  acid  in  the  gastric  con- 
tents of  his  experimental  animals.  The  relation  of  the  hydrochloric 
acid  of  the  gastric  juice  to  intestinal  putrefaction  has,  however;  been 
the  subject  of  much  discussion.  The  view  of  Kast;  4Yasbutzki;  and 
Stadelmann  that  absence  or  diminution  of  hydrochloric  acid  in  the 
gastric  juice  led  to  increased  intestinal  putrefaction  was  opposed  by 
von  Xoorden;  but  was  again  accepted  by  Biernacki;  SchmitZ;  and 
others.  Schultz‘S  in  1901  again  brought  up  arguments  agamst  Kast's 
view;  these  have  recentlv  been  criticised  bv  v.  Tabora/ who,  from  a 
number  of  careful  experiments;  concludes  that  the  hydrochloric  acid 
prevents  to  a certain  degree  intestinal  putrefaction  and  that  sub- 
acidity  and  anacidity  as  a rule  favor  it. 

Assuming  that  the  great  increase  in  the  excretion  of  ethereal  sul- 
phate in  these  experiments  is  to  be  interpreted  as  showing  that  alcohol 
leads  to  increased  intestinal  putrefaction;  the  question  ariseS;  Can 
any  of  the  pathological  effects  of  alcohol  be  ascribed  to  this;  in  other 
wordS;  may  some  tissues  or  organs  be  injured  by  the  products  of  this 
mtestinal  putrefaction?  Attention  has  already  been  called  to  the 
work  of  de  Schweinitz  and  Edsall  hi  regard  to  the  relation  of  the 
products  of  mtestinal  putrefaction  to  tobacco-alcohol  amblyopia. 
Elschnig^  has  reported  a series  of  cases  in  which  there  seemed  to 

« Zeit.  f.  physikal.  u.  diM.  Therapie,  v.  10,  p.  281;  1906. 

& If  this  ether  were  formed  it  would  doubtless  be  excreted  unchanged  in  the  mine, 
for  Salkowski  (Virchow’s  Arch.,  v.  66,  p.  315)  found  that  it  undergoes  no  change 
in  the  body. 

cArch.  f.  Yerdauungskrank. , v.  7,  p.  43. 

d Deutsch.  Ai’ch.  f.  klin.  Med.,  v.  87,  p.  254;  1906. 

e Elschnig,  Miinch.  med.  Woch.,  52,  Xo.  41,  Oct.  10,  1905;  Klin.  Monatsh.  f.  Augen- 
heilk.,  V.  43,  p.  417;  1905. 
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be  a parallelism  between  the  amount  of  indican  in  the  urine  and  vari- 
ous more  or  less  severe  eye  disturbances.  This  entire  subject  has 
recently  been  discussed  by  de  Schweinitz  and  others.®  Certain  other 
symptoms,  such  as  some  forms  of  headaches  and  neurasthenia,  have, 
apparently  with  good  reason,  been  attributed  to  these  products; 
nephritis  following  intestinal  obstruction  has  likewise  been  ascribed  to 
the  products  of  intestinal  putrefaction. 

The  most  interesting  suggestion  as  to  a possible  pathological  sig- 
nificance of  the  products  of  intestinal  putrefaction  is  that  they  may 
have  a part  in  the  causation  of  cirrhosis  of  the  liver.  The  view  has 
often  been  expressed  that  cirrhosis  of  the  liver  is  dependent  in  some 
way  upon  autointoxication  from  the  digestive  tract.  Krawkow 
claimed  to  have  obtained  cirrhosis  of  the  liver  in  fowls  by  the  feeding 
of  an  infusion  of  putrid  horse  meat.  One  of  the  most  definite  sugges- 
tions in  this  connection  is  that  of  Boix,^  who  believed  that  the  fatty 
acids  formed  as  a result  of  gastritis  were  a factor  in  the  causation  of 
cirrhosis;  he  claimed  to  have  obtained  cirrhotic  changes  by  the  admin- 
istration of  butyric  and  acetic  acids  to  animals. There  is,  at  present, 
no  ground  for  supposing  that  those  products  (indol,  skatol,  phenol, 
etc.),  which  are  usuall}^  considered  the  typical  products  of  intestinal 
putrefaction,  and  which  are  largely  responsible  for  the  ethereal  sul- 
phates in  the  urine,  have  much  significance  in  this  respect;  some  of 
the  most  notable  failures  to  produce  cirrhosis  of  the  liver  experimen- 
tally have  been  in  experiments  upon  rabbits;  that  is,  upon  animals 
in  which  alcohol  readily  leads  to  a great  mcrease  in  the  excretion  of 
ethereal  sulphates.  This  b}^  no  means  excludes  the  possibilit}",  how- 
ever, that  in  some  cases  such  products  may  contribute  to  such  a result. 
Furthermore,  evidence  is  gradually  accumulating  that  indol,  for 
example,  which  has  ordinarily  a very  low  degree  of  toxicity,  may, 
under  certain  conditions,  become  distmctl}^  toxic.  Thus,  Richards 
and  Howland‘S  found  it  decidedly  toxic  to  animals  whose  powers  of 
oxidation  are  lowered  by  potassium  cyanide;  similar  results  were 
obtained  with  phenol. 

Recent  experiments  of  Porcher  and  Hervieux^  suggest  another 
way  in  which  the  toxicity  of  indol  may  possibly  become  enhanced. 

These  authors  find  indol  (0^)  to  be  but  very  slightly  toxic,  while 

OH 

comparatively  small  amounts  of  indoxyl  (0^  ),  injected  subcutane- 

XH 

« Jour.  Amer.  Med.  Assoc.,  v.  48,  pp.  502,  543;  1907. 

^ Le  foie  des  dyspeptiques,  Paris  Thesis,  1895. 

c These  conclusions  have  been  recently  unfavorably  criticized  by  Goannoviecs 
(Arch,  int.,  de  Pharmacodynamie,  v.  15,  p.  241;  1905). 

d Proc.  Soc.  Exper.  Biol.  & Med.,  v.  3,  p.  71;  1905-6;  cf.  Herter,  Medical  Record,  v. 
70,  p.  788;  1906. 

e Jour,  de  Phys.  et  de  Path,  gen.,  v.  18,  p.  841;  1906. 
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ously^  are  rapidly  fatal.  As  is  well  known,  indol,  whether  it  be 
administered  or  be  formed  in  the  intestine,  is  normally  excreted  as 
indoxyl-sulphuric  acid,  which  is  also  practically  nontoxic.  In  other 
words,  indol,  before  it  can  be  excreted,  is  converted  into  the  poisonous 
compound  indoxyl.  The  latter  is  probably  normally  conjugated  at 
once  with  sulphuric  acid  (or  if  present  in  large  amounts  converted 
into  harmless  precursors  of  indigo — not,  according  to  these  authors, 
into  glycuronates),  but  it  is  conceivable  that  pathological  conditions 
may  arise  which  prevent  this,  and  that  then  the  indoxyl  ma}^  have  a 
deleterious  effect.® 

A systematic  study  of  the  excretion  of  ethereal  sulphates,  phenol, 
etc.,  in  cases  of  alcoholism  in  man  vmuld  probably  yield  interesting 
results.  In  a single  observation  upon  a man  with  advanced  alcoholic 
cirrhosis  of  the  liver  the  urine  contained  4.2  per  cent  of  ethereal 
sulphates,  which  is  lower  than  what  is  usualty  considered  normal; 
unfortunately,  data  concerning  the  diet  and  the  absolute  amount  of 
sulphates  excreted  were  not  available.  It  would  have  been  mterest- 
ing  to  have  had  phenol  and  indoxyl  determinations  in  this  case;  it  is 
possible  that  the  liver  had  lost  the  power  of  neutralizing  these  poisons 
with  sulphuric  acid.^ 

2.  Effect  of  alcohol  upon  the  neutral  sulphur  of  the  urine. — As  is  well 
known,  sulphur  is  constantly  present  in  the  urine  in  forms  other  than 
sulphuric  acid.  This  is  known  as  neutral  or  unoxidized  sulphur  and 
is  made  up  of  a very  miscellaneous  group  of  substances  (sulphocyan- 
ates,  cystin,  taurin-derivatives,  chondroitic  sulphuric  acid,  oxy-  and 
allox3rproteic  acids,  etc.).  The  taurin  of  the  bile  has  long  been 
quoted  as  an  important  source  of  the  neutral  sulphur.  This  view 
was  based  largely  upon  the  work  of  Kunkel.^  Recent  experiments 
by  Shaffer  ^ throw  much  doubt  upon  the  correctness  of  this  conclu- 
sion, at  least  as  far  as  man  is  concerned.^  The  elimination  of  neu- 
tral sulphur  is  not  so  closely  dependent  upon  the  sulphur  of  the  food 
as  is  that  of  the  sulphates.^ 

“ A suggestive  illustration  of  the  cumulative  effects  of  two  substances  may  be  found 
in  the  relation  of  a large  meat  and  alcohol  diet  to  gouty  manifestations.  According  to 
interesting  observations  made  in  Italy,  neither  the  consumption  of  meat  alone  nor  of 
alcohol  with  a low  meat  diet  has  a special  tendency  to  lead  to  gouty  attacks.  Such  a 
result,  however,  occurs  frequently  with  a diet  containing  both.  (Wood,  Therapeutics, 
12th  ed.,  p.  308;  1905.) 

^Edsall  (1.  c.  and  Boston  Med.  and  Surg.  Jour.,  v.  156,  p.  181;  1907)  believes  that  the 
increase  in  the  ethereal  sulphates,  which  is  usually  interpreted  as  indicating  increased 
intestinal  putrefaction,  may  be  due,  in  part,  to  abnormalities  in  the  liver,  excretory,  or 
various  other  organs. 

^^Pfliiger’s  Archiv.,  v.  14,  p.  344;  1877. 

dAmer.  Journ.  Physiol.,  v.  17,  p.  374;  1906. 

e It  is  interesting  to  note  in  this  connection  that  Kunkel  did  not  include  the  ethereal 
sulphates  with  the  total  sulphates. 

/Folin,  Amer.  Journ.  Physiol.,  v.  13,  p.  99,  1905;  cf.  Shaffer,  1.  c. 
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In  my  experiments,  alcohol  seemed  to  have  but  little  effect  upon 
the  percentage  of  sulphur  excreted  as  neutral  sulphur.  Thus,  in 
Experiment  I (see  above),  the  neutral  sulphur  amounted  to  35.5 
per  cent  of  the  total  sulphur  excreted  by  a normal  rabbit.  In  Expe- 
riment II,  after  the  animal  had  received  alcohol  for  over  two  months 
(the  diet  being  otherwise  the  same),  and  there  had  been  a marked 
increase  m the  excretion  of  ethereal  sulphates,  the  neutral  sulphur 
constituted  approximately  35  per  cent  of  the  total  sulphur.  Two 
other  experiments  gave  similar  results;  the  percentage  of  sulphur 
excreted  as  neutral  sulphur  varied  in  the  normal  rabbit  from  32.3 
to  34.3,  and  in  the  rabbit  receiving  alcohol  from  30.4  to  31.3  per  cent. 

In  a case  of  advanced  alcoholic  cirrhosis  of  the  liver  (man)  7.3  per 
cent  of  neutral  sulphur  was  found ; this  figure  is  very  similar  to  those 
obtained  b}"  Folin  and  Shaffer  for  men  on  a high  proteid  diet.  Un- 
fortunately no  data  as  to  the  diet  in  this  case,  which  is  of  such  impor- 
tance, are  available. 

An  increased  excretion  of  neutral  sulphur  is  frequently  interpreted 
as  indicating  a diminution  of  plwsiological  oxidation.  Some  of  the 
arguments  for  this  view  are  furnished  by  the  work  of  Reale  and 
Boeri,®  who  found  the  neutral  sulphur  of  the  urine  increased  when 
the  respiration  was  interfered  with  mechanically,  and  by  the  work  of 
Harnack  and  Kleine  ^ on  the  effects  of  alkalis  and  chloral  hydrate  on 
the  excretion  of  neutral  sulphur.  The  results  of  ni}^  experiments 
with  acetonitrile  are  probably  to  be  similarly  interpreted;  in  poison- 
ing b}"  this  substance  the  percentage  of  neutral  sulphur  frequently 
rose  from  25  to  65  or  more;  the  total  sulphur  excretion  was  not  much 
changed  but  the,  oxidized  sulphur  frequently  almost  disappeared. 
Part  of  the  increased  neutral  sulphur  was  contained  in  the  sulphocy- 
anate  formed  from  the  nitrile,  but  the  great  decrease  in  the  sulphates 
suggests  that  physiological  oxidations  had  been  lowered  by  the 
nitrile.  Returning  to  the  experiments  vfith  alcohol:  This  substance 
did  not  cause  an  increase  in  the  excretion  of  neutral  sulphur;  this 
ma}"  be  considered  as  another  argument  that  alcohol  has  but  a limited 
power  of  inhibiting  ^^physiological  oxidations.” 

“Reale  and  Boeri,  Wien.  med.  Wocli.,  1895,  p.  1198. 

& Harnack  and  Kleine,  Zeit.  f.  Biol.,  v.  37,  p.  417;  Kleine,  Inaug.  Hiss.,  Halle;  1895. 

c Inasmuch  as  no  one  seems  to  have  recorded  sulphur  determinations  in  the  urine  of 
guinea  pigs  it  may  be  of  interest  to  note  that  these  animals,  receiving  a diet  consisting 
largely  of  carrots  and  cabbage  (as  did  the  rabbits)  excreted  from  25  to  35  per  cent  of 
the  sulphur  as  neutral  sulphur.  This  ratio  was  not  changed  in  animals  inoculated 
with  tubercle  bacilli. 

Kittens  receiving  a diet  of  bread  and  milk  excreted  from  25  to  30  per  cent  of  the 
sulphur  as  neutral  sulphur.  A dog  receiving  a diet  consisting  almost  entirely  of  lean 
meat  excreted  from  23  to  29  per  cent  of  the  sulphur  as  neutral  sulphur;  one  on  a diet 
consisting  largely  of  rice,  lard,  and  sugar  excreted  from  64  to  65  per  cent  in  this  form. 

In  a case  of  acute  catarrhal  jaundice  (man)  15  per  cent  of  the  sulphur  was  in  the 
neutral  form;  this  figure  is  lower  than  that  frequently  found,  but  in  the  absence  of 
data  .as  to  diet  the  figures  have  not  much  value.  There  was  16.4  per  cent  of  ethereal 
sulphates  in  this  case. 
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SUMMARY. 


This  bulletin  contains  three  articles  on  parasitic  worms  found  in  man. 

In  the  first  article  a new  species  {Agamofilaria  georgiana)  of  roundworm,  appar- 
ently belonging  to  the  family  Fllarixdse,  is  described.  This  very  interesting,  imma- 
ture parasite,  measuring  32  to  53  mm.  in  length,  was  taken  from  the  ankle  of  a 
negress  at  Darien,  Ga.  Its  mouth  is  surrounded  by  two  small  lateral  papillae  and 
four  submedian  lip-like  papillae.  The  anatomy  is  described  so  far  as  the  material 
permitted.  Nothing  is  known  of  its  life  history. 

The  second  paper  contains  a summary  of  the  zoological  characters  of  the  genus 
Filaria,  so  far  as  known,  and  a list  (with  synonymy)  of  the  roundworms  of  the 
family  Filariidse  which  have  been  reported  for  man.  It  is  shown  that  zoologically 
this  group  is  in  a very  unsatisfactory  condition  systematically. 

In  the  third  paper  all  of  the  cases  of  infection  of  man  by  horsehair  worms  ( Gor- 
diidse)  are  brought  together  and  three  unpublished  cases  are  reported.  The  conclu- 
sion is  drawn  that  the  popular  dread  of  these  worms  is  not  well  founded,  for  they 
are  rare,  accidental,  and  as  a rule,  at  least,  not  dangerous  parasites  in  man.  The 
common  species  in  this  country  is  Paragordius  varius. 

The  illustrations  for  these  three  papers  have  been  prepared  by  Mr.  Leonard  Wilder. 

All  bibliographic  references  are  taken  from  Stiles  & Hassall,  Index-Catalogue  of 
Medical  and  Veterinary  Zoology. 
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AGAMOFILARIA  GEORGIANA  N.  SP.,  AN  APPARENTLY  NEW  ROUNDWORM 
PARASITE,  FROM  THE  ANKLE  OE  A NEGRESS." 


By  Ch.  Wardell  Stiles,  Ph.  D., 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  U.  S.  Public-Health  and  Marine- 

Hospital  Service. 

(Figs.  1-25.) 


Eighteen  specimens  of  a nematode  worm  (figs.  1-2)  have  been  for- 
warded to  this  laborator}’^  by  Dr.  St.  Joseph  B.  Graham,  of  Savannah, 
Ga. , with  the  history  that  they  had  been  taken  from  a sore  on  the  leg 
of  a negress  at  Darien,  Ga.  All  of  the  specimens  are  immature;  they 
are  not  especially  well  preserved,  and  on  this  account  they  have  pre- 
sented considerable  difficulty  in  technique  and  interpretation.  Ac- 
cordingl}^,  it  has  been  impossible  to  give  a complete  description  of  the 
species.  But  as  the  worm  seems  to  be  a new  parasite  for  man,  and  as 
certain  points  in  the  anatomy  could  be  recognized,  it  seems  advisable 
to  place  the  parasite  on  record,  notwithstanding  the  fact  that  several 
important  points  are  open  to  different  interpretations  and  that  the 
description  is  therefore  necessarily  incomplete. 

Medical  history  of  the  case. — For  the  following  medical  history 
of  the  case  I am  indebted  to  Dr.  P.  S.  Clark: 

In  August,  1896,  I was  called  to  see  a negress;  age,  57;  occupation,  washerwoman. 
I found  her  suffering  with  pain  and  swelling  in  and  around  her  left  ankle  and  instep. 
She  said  she  could  feel  something  moving  in  the  swollen  places,  but  there  was  no 
abrasion  on  the  skin.  I gave  her  a linament  with  which  to  rub  the  affected  parts. 
This  did  not  seem  to  be'  of  much  benefit.  She  continued  to  suffer  for  twelve  or 
eighteen  months,  when  suddenly  she  discovered  a w'orm  coming  out  of  the  most 
swollen  place;  and  worms  continued  to  appear  singly  at  intervals  for  a month,  when 
the  opening  healed  and  the  pain  and  swelling  subsided,  her  foot  became  entirely 
well,  and  gave  no  further  trouble.  She  died  in  1903  of  tuberculosis  of  the  lung. 
I think  there  were  as  many  as  two  or  three  dozen  of  these  worms  extruded  from  this 
opening  during  the  above-mentioned  period. 

«By  permission  of  the  Surgeon-General,  and  in  response  to  an  invitation,  this 
paper  was  presented  at  the  annual  meeting  of  the  American  Society  of  Tropical 
Medicine,  at  Philadelphia,  Pa.,  March  27,  1906. 

(9) 


10 


Patient  was  never  confined  to  bed  as  the  result  of  the  above  condition.  I pre- 
served some  of  the  worms  in  alcohol  and  gave  them  to  my  friend,  Dr.  Ralston  Latti. 
more,  of  Savannah,  Ga.,  as  a zoological  curiosity,  who  in  turn  handed  them  to  Dr- 
St.  Joseph  B.  Graham,  of  Savannah,  who  was  kind  enough  to  send  some  specimens 
to  you  for  study  and  identification. 

Systematic  position. — The  worms  in  question  would  probably  be 
classified  by  many  authors  as  a Filaria.  Such  classification  is,  how- 
ever, not  satisfactory,  for  in  the  absence  of  the  adult  stage  it  is  difficult 
to  determine  to  what  group  of  the  FUariidde  the  parasites  may  belong. 
To  place  the  species  in  Filaria  would  be  adding  confusion  to  an  already 
very  confused  genus.  Possibh^  these  worms  belong  in  Tetracheilo- 
nemad  but  too  little  is  known  about  the  t^ye  species  of  this  genus  to 
justify  a definite  opinion. 

As  the  most  satisfactory  solution  of  the  systematic  dilemma  which 
presents  itself,  I propose  to  classify  these  parasites  under  the  collect- 
ive term — 

rLew  naiTie. 

Diagnosis. — Filariidse:  A purely  collective  group,  to  contain  agamic  forms  of 
Filariidse,  which  have  not  yet  reached  a stage  in  their  development  permitting  of 
their  being  determined  generically.  Such  a group  has  no  type-species.  Compare 
Agnmodistomum,  Amphistomulum,  Againomermis,  Merminthoidum,  Agamonemato- 
dum,  etc. 

As  the  species  under  consideration  does  not  seem  to  be  identical 
with  any  form  described  for  man,  and  as  it  is  not  apparent  at  present 
that  it  is  identical  wdth  any  species  described  for  other  hosts,  I pro- 
pose to  recognize  it  as  a new  species  under  the  name  Agamojilaria 
georgiana^  with  the  following  characters: 

Tetracheilonema  DieAng,  1861a,  621,  711  (Dec.  6,  1860)  (m.  quadrilabiatum). 

Generic  diagnosis. — FUarndse:  “Corpus  longissimum,  filiforme.  Caput  quad- 
rilabiatum, labiis  in  quadrangulum  dispositis.  Os  ad  basin  labiorum.  Extremitas 
caudalis  spiraliter  torta.  Penis  vagina  tubulosa.  Apertura  genitalis  in  anteriore 

corporis  parte;  uterus  Vivipara. — Avium  brasiliensium  in  cavo  abdominis 

et  sub  cute  colli  endoparasita.” — Diesing,  1861a,  711. 

The  type  species  presents  the  following  synonomy  and  diagnosis: 

Tetracheilonema  quadnlabiata  (Molin,  1858)  Diesing,  1861. 

1858:  Filaria  quadnlabiata  INIolin,  1858,  417  (in  Tinamus  rufescens,  at  Cai- 
gara;  and  T.  maculosus,  in  Brazil). — Diesing,  1861a,  711. — Stossich, 
1897,  77. 

1858:  F.  tinaini  M.  C.  Y.,  MS.,  in  Molin,  1858,  417. 

1861:  Tetracheilonema  quadrilabiatum  (Molin,  1858)  Diesing,  1861a,  711. — 
Stossich,  1897,  77. 

Specific  DIAGNOSIS. — Tetracheilonema:  “ Os  quadrilabiatum,  labiis  conicis,  magnis; 
corpus  infiexum;  extremitas  anterior  sensim  attenuata;  posterior  spiraliter  torta; 
extremitas  caudalis  maris  attenuata,  obtusa;  vagina  penis  tubulosa,  extremitate 

libera  incrassata;  penis  ; extremitas  caudalis  feminse  attenuata,  obtusa. 

(Vivipara.)  Longit.  mar  1^-1  T''  [30  to  33  mm.] ;.  crassit,  Longit.  fern.,  1^-2'''' 

[36  to  50  mm.];  crassit,  V". 

“Habitaculum. — Tinamus  rufescens,  Xovembri,  Cai^ara:  in  cavoabdom. — T.  macu- 
losus, in  Brasilia:  sub  cute  colli  (Xatterer).  M.  C.  Y.” — Molin,  1858,  417. 
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AGAMOFILARIA  GEORGIANA,  new  species. 

( Figs.  1 to  25.) 

1906:  A new  species  of  parasite  in  man,  Stiles,  1906,  Apr.  21,  839-840,  N.  York 
M.  J.  (1429),  V.  88  (16);  1906,  Apr.  21,  1232,  J.  Am.  M.  Ass.,  Chicago,  v.  46  (16). 

Specific  Diagnosis. — AgamojUaria:  Adults  unknown. 

Agamic  form : Length  32  to  53  mm.  Body  cylindrical,  of  more  or  less  uniform  diame- 
ter the  greater  part  of  the  length,  with  a maximum  diameter  of  about  560  to  640  jn ; 
gradually  attenuated  toward  both  extremities,  slightly  more  gradually  cephalad  tlian 
caudad.  Mouth  terminal,  central,  circular,  small,  unarmed,  but  surrounded  by  six 
papillae.  Four  of  these  are  prominent,  submedian,  23  jli  elevations,  having  in  some  cases 
almost  the  appearance  of  lips;  two  smaller  papillae  are  latero-median.  Anus  a trans- 
verse slit,  about  44  to  56  ju  in  transverse  diameter,  situated  ventrally,  64  to  128  ju  from 
end  of  tail.  Tip  of  tail  provided  with  a small  conical  projection  8 to  13  yu  long  by 
4 u in  diameter.  Excretory  pore  0.432  to  0.520  mm.  from  anterior  end.  Cuticle  in 
general  without  transverse  striation,  except  for  a fine  transverse  striation  in  the  anal 
region,  especially  postanal,  and  a (probably  pseudo-)  striation  in  the  esophageal 
region.  Median  lines  visible  externally  in  glycerine  specimens  merely  as  lines  of 
demarcation  between  the  muscular  fields;  on  section,  median  bands  are  very  slender, 
but  are  visible,  and  extend  centripetally  below  the  muscles,  widening  in  breadth. 
Lateral  bands  rather  prominent,  and  may  be  traced  practically  the  entire  length  of 
the  worm;  they  may  attain  a breadth  of  96  //,  but  they  decrease  in  breadth  cephalad 
(to  about  15  m)  and  caudad;  they  are  divided  into  a dorsal  and  a ventral  portion, 
which  are  not  necessarily  symmetrical  and  which  are  separated  by  a distinct  line  of 
single,  subcuticular  cells;  the  cells  of  the  lateral  bands  are  chiefly  subcuticular,  but 
near  the  head  they  extend  centripetally  in  a single  row  in  each  half.  Attached  to 
the  lateral  bands,  and  hanging  into  the  body  cavity  each  side  is  a sinuous,  longi- 
tudinal ridge,  resembling  the  head-glands  of  strongyles,  and  provided  with  a central 
longitudinal  canal  which  empties  at  the  excretory  pore;  in  the  bridge  of  the  esopha- 
geal region  this  glandular  structure  possesses  a large  apparently  unilateral  nucleus 
(296  to  316  u by  90  to  132  //),  situated  latero-ventrally.  Esophagus  simple,  2.5 
to  2.9  mm.  long,  88  to  114  in  diameter  (anteriorly)  to  334  //  in  diameter 
(posteriorly) ; its  lumen  is  triradiate,  each  ray  measuring  about  10  /o  Chyle 
intestine  straight,  or  very  nearly  so,  rather  large,  at  first  compressed  laterally, 
then  rather  quadrangular,  with  fibers  running  from  the  submedian  lines  toward 
the  body  wall;  farther  caudad  it  becomes  flattened  dorso-ventrally,  measuring 
about  300  jJL  transversely  by  about  200  u dorso-ventrally;  its  cells  are  columnar, 
about  9 u in  diameter  by  30  to  90  u high;  the  cuticle  of  the  lumen  is  about  6.6  to  8.8 // 
thick.  Rectum  about  200  //  long.  Body  cavity  almost  completely  occupied  by  the 
intestine,  lateral,  longitudinal  glands,  and  a reticular  structure  extending  centripe- 
tally from  the  muscles  toward  the  intestine;  a considerable  amount  of  granular  mate- 
rial also  present  (?  some  of  this  possibly  representing  the  primordium  of  the  genital 
glands). 

H.abitat. — Agamic  form  taken  from  superficial  sores  on  the  ankle  of  a negress 
{Homo  sapiens  africanus),  at  Darien,  Georgia,  U.  S.  A.  Life  history  and  source  of 
infection  known. 

Type  Material.— U.  S.  P.  H.  & M.  H.  S.,  No.  9726. 

The  following  details  were  observed: 

GENERAL  EXTERNAL  CHARACTERS. 

Size. — The  worms  (figs.  1-2)  vary  in  length  from  32  to  53  mm.,  the 
eighteen  specimens  giving  the  following*  measurements:  32  mm., 
34  mm.,  36  mm.,  37  mm.,  38  mm.,  40  mm.,  42  mm.,  45  mm.,  47  mm., 
49  mm.,  50  mm.,  52  mm.,  and  53  mm. 
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- In  the  longest  specimen  (53  mm.)  the  cephalic  extremity  is  bluntly 

rounded;  80  yw  caudad  of  the  mouth 
it  is  128  in  diameter;  it  swells 
gradually  to  368  yw  in  diameter  a 
short  distance  caudad  of  the  posterior 
I end  of  the  esophagus. 

5 In  the  specimen  44  mm.  long,  the 
diameter  is  160  yw  at  a point  80  yu 
back  of  the  mouth;  the  maximum 
diameter  is  560  ju. 

In  the  specimen  37  mm.  long,  the 
diameter  80  yw  back  of  the  mouth  is 
136  /^;  at  800  yw  back  of  the  mouth  the 
diameter  is  272  yu;  ].6  mm.  back  of 
the  mouth  the  diameter  is  368  yw;  the 
increase  is  then  rather  gradual,  and 
at  the  end  of  about  the  first  third  of 
the  specimen  the  diameter  attains 
560  yw;  then  a diameter  of  576  is 
retained  more  or  less  uniformly,  but 
with  a slight  variation,  at  some  points 
reaching  624  yw;  toward  the  tail,  the 
diameter  begins  to  decrease,  at  first 
slowly,  then  more  rapidly;  at  1.6 
mm.  from  the  tip,  it  is  400  yw;  at  800 
ywit  is  272 /^(dorso-ventral diameter); 
at  the  anus  the  dorso-ventral  diame- 
ter is  120  the  tail  then  ends  rather 
bluntly. 

In  a mounted  specimen  32  mm, 
long,  the  diameter  80  pt  back  of  the 
mouth  is  128  yu;  at  800  yu  it  is  240  pi; 
just  before  the  end  of  the  esophagus 
it  is  432  yu;  just  back  of  the  esopha- 
gus there  is  a slight  constriction,  to 
400  yu;  it  then  varies  between  560  and 
640  yu  for  the  greater  part  of  the 
length;  near  the  tail  it  begins  to  de- 
crease, reaching  432  yu  at  a point 
1.6  mm.  from  the  tip;  it  now  de- 
creases more  rapidly,  reaching  240  yu 
at  a point  800  yu  from  the  tip;  at  the 
anus,  the  dorso-ventral  diameter  is 

^ 80  yU. 

In  general,  the  body  may  attain 
a maximum  diameter  of  about  560 
to  640  yw  and  is  more  or  less  uniform  for  a considerable  part  of  its 
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length;  it  tapers  gradually  toward  both  extremities,  the  attenuation 
toward  the  head  being  slightly  more  gradual  than  that  toward  the  tail. 

Torsion  of  the  body. — These  specimens  present  a torsion  around 
the  longitudinal  axis,  so  that  when  the  head  is  viewed  dorsallj^,  the 
anus  of  the  specimen  is  shown  in  profile;  when  the  specimen  is  so 
placed  on  a slide  as  to  give  a ventral  view  of  the  anus,  the  head  is  seen 
in  profile. 

' Head. — The  head  (figs.  3-5)  is  rather  bluntly  rounded,  without  any 
indication  of  a cephalic  cone.  The  small  terminal,  central,  circular 
mouth  is  surrounded  by  six  papillae,  which  are  directed  forward. 


Fig.  3. — Head  of  same;  greatly  enlarged  lateral  view,  showing  the  mouth  surrounded  by  two  small 
lateral  papillae  and  four  larger  submedian  lip-like  papillae;  note  the  lateral  line  with  its  two  dis- 
tinct rows  of  nuclei  (one  dorsal  and  one  ventral),  and  a third,  middle  row  of  less  distinct  nuclei 
separating  the  others;  note  also  the  longitudinal  striation  due  to  the  somatic  muscles;  the  darker 
field  is  caused  by  the  underlying  esophagus. 


Two  of  these  papillse  are  small  and  latero-median.  Four  of  the  papillas 
are  submedian  and  are  much  larger  than  the  latero-median  papillte; 
they  bear  some  resemblance  to  lips,  and  frequently  show  a larger, 
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clearer  portion,  situated  closer  to  the  mouth,  and  of  more  lip-like 
appearance  (fig.  4),  and  a smaller,  darker,  external  ridge,  which 
appears  of  more  distinctly  papillary  nature;  from  base  to  tip  these 
larger  lip-like  papillae  measure  about  23  yw.  There  is  some  yariation 
in  the  specimens,  due  possibly  to  their  condition,  which  makes  it  dif- 
ficult to  infer  just  how  these  papillae  would  appear  in  perfectly  fresh 
or  in  well-preseryed  material.  Extending  caudad  from  the  more 
strictly  papillary  portion  (the  external  ridge),  in  seyeral  cases  struc- 
tures were  seen  which  were  strongly  indicatiye  of  neryes. 

Cervical  2Xtj)illse  haye  not  been  obseryed. 

The  excretory  2)076  is  small,  medio-yentral,  not  prominent.  0.432  to 
0.52  mm.  from  the  anterior  end. 


■iOO  ^ 

Fig.  4. 
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Fig.  5. 


Fig.  4. — Greatly  enlarged  profile  view  of  one  of  the  submedian  lip-like  papillae,  showing  the  lip-like 
projection  near  the  mouth  and  the  external  papillary  portion. 

Fig.  5. — Enlarged  transverse  section  of  head,  close  to  the  mouth.  Xote  the  following  points:  The 
cuticle  seems  to  present  two  layers;  it  shows  thickenings  near  the  lateral  lines;  immediately 
under  the  cuticle,  the  thin  subcuticula  is  visible  as  a light  line  extending  around  the  body;  at 
the  four  longitudinal  lines  (dorsal,  ventral,  and  two  laterals)  the  longitudinal  bands  are  seen, 
extending  toward  the  esophagus,  and  connected  by  a circular  bridge  which  surrounds  the 
esophagus;  the  lateral  bands  are  thicker  than  the  median  bands,  and  present  a dorsal  and  a 
ventral  half;  each  half  shows  a row  of  nuclei;  besides  these  a single  middle  nucleus  is  seen;  the 
muscles  are  divided  into  four  quadrants  by  the  longitudinal  bands;  centripetally  of  the  more 
darldy  colored  contractile  muscular  layer  the  protoplasmic  processes  extend  toward  the  esoph- 
agus, forming  a mesh  work;  the  esophagus  is  central  and  shows  a triradiate  lumen  and  radial 
symmetry. 


Tail. — The  profile  of  the  tail  (figs.  T-9)  is  not  uniform,  but  it  bends 
slightly  yentrad.  In  one  mounted  tail  the  transyerse  diameter  at  the 
anus  is  128/t;  in  one  mounted  tail  the  dorso-yentral  diameter  at  the 
anus  is  80yw;  and  in  one  unmounted  specimen,  the  dorso-yentral  diame- 
ter at  the  anus  is  120/^.  In  these  three  specimens,  the  anus  is  96,  64, 
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and  SOm,  respectively,  from  the  tip  of  the  tail;  in  two  other  specimens 
it  is  lOlyw  and  128/^  respectively,  from  the  tip.  The  anus  is  a trans- 
verse slit  about  14  to  56 m in  transverse  diameter. 

At  the  apex  of  the  tail,  there  is  a small  conical  projection,  8 to  13.4yw 
long,  l.lyw  in  diameter:  this  may  be  curved  slightly  dorsad  and  is  not 
equally  prominent  in  all  specimens. 

Cuticle. — The  cuticle  at  the  anterior  portion  of  the  body  is  not  so 
thick  (about  3/t)  as  that  (about  4 to  6m)  over  the  greater  part  of  the 
worm  (measurements  taken  from  sections  and  also  from  worms).  In 
general  it  shows  no  transverse  striation:  at  the  tail,  however,  quite  a 
distinct  but  line  striation  is  visible  in  the  postanal  portion  and  in  one 


Fig.  6. — Enlarged  transverse  section  of  body  through  midgut  region.  Note  the  follorving  details: 
The  cuticle  appears  in  two  layers  and  presents  four  distinct  thickenings,  two  near  each  lateral 
line;  the  subcuticula  is  visible  between  the  cuticle  and  the  muscles;  the  narrow  dorsal  and  ven- 
tral median  bands  extend  into  the  body  cavity  beyond  the  muscle  layer  and  then  increase  in 
breadth;  the  division  of  the  lateral  bands  into  a dorsal  and  a ventral  half  is  very  distinct;  near 
the  cuticle,  in  the  space  between  them,  is  seen  a nucleus;  nuclei  are  also  visihle  in  each  half  near 
the  cuticle;  the  four  muscular  fields  and  the  centripetal  reticulum  are  very  evident;  the  intestine 
is  compressed  dorsoventrally,  and  presents  a high  columnar  epithelium  ^vith  centrifugal  nuclei 
and  centripetal  cuticular  lining;  between  the  lateral  bands  and  the  intestine  is  seen,  each  side, 
a section  of  the  excretory  gland,  with  its  central  canal. 


specimen  these  stride  may  be  followed  cephalad  to  the  plane  of  juncture 
of  the  rectum  with  the  chyle  intestine;  some  of  the  specimens  also 
show  a transverse  striation  in  the  esophageal  region,  but  this  is  prob- 
ably a pseudostriation,  as  it  is  not  constant  and  as  it  is  most  prominent 
on  one  specimen  in  which  the  head  is  rather  strongly  curved. 
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A distinct  longitudinal  striation  is  visible  upon  microscopic  examina- 
tion; this  is  due,  not  to  any  striation  in  the  cuticle  but  to  the  longi- 
udinal  somatic  muscles. 

Loxgitudixal  lines. — The  lateral  bands  are  prominent,  but  exter- 
nally the  dorso-  and  ventro-  median  bands  are  barely  recognizable; 
the  position  of  the  latter  may,  however,  be  distinguished  externally, 
midway  between  the  lateral  bands,  as  longitudinal  lines,  at  which  the 
somatic  muscles  are  thinner  than  usual,  and  in  fact  at  which  the 
respective  muscle  cells  are  slightly  interrupted:  the  median  lines  may, 
however,  be  described  as  practically  invisible  externally:  on  section 
they  are  seen  to  be  very  narrow  centrifugallv,  but  slightly  broader 
centripetally. 

Lateral  l)ands. — The  lateral  bands  may  be  traced  the  entire  length  of 
the  worm,  from  a point  immediately  back  of  the  latero-median  papillie 


Figs.  7-9. — Enlarged  ventral  (7)  and  lateral  (8  to  9)  views  of  the  tail.  Xote  the  transverse  striation 
in  the  post-anal  portion:  the  broad  transverse  anal  slit;  the  nddgut  is  large,  but  the  rectum  is 
compressed  dorsoventrally;  the  lateral  band,  ■with  numerous  nuclei,  is  prominent:  various  cells, 
nuclei,  and  muscles  are  seen. 


at  the  anterior  end  to  the  end  of  the  tail:  in  the  esophageal  region  they 
are  somewhat  less  distinct  than  in  the  midgut  region.  Very  close  to 
the  mouth,  in  one  specimen,  the  lateral  band  measures  15/^  broad  and 
shows  two  distinct  and  one  rather  indistinct  row  of  nuclei  directly 
under  the  cuticle;  sections,  however,  show  other  nuclei  farther  away 
from  the  cuticle;  in  one  section  very  near  the  mouth,  the  band  meas- 
ured 13.2yu  dorso-ventrally;  the  band  increases  gradually  in  breadth; 
at  the  posterior  end  of  the  esophagus  in  one  worm  it  measures  -iSyu;  in 
one  specimen,  it  is  56/<  and  in  another  specimen  88yu  at  this  point:  at 
the  equator  of  the  worm  it  measures  90yu;  it  retains  this  breadth  more 
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or  less  uniformly  to  within  a short  distance  from  the  anus,  when  it 
gradually  decreases  in  actual  breadth,  although  it  nmy  increase  in  rela- 
tive breadth,  owing  to  the  decrease  of  the  dorso-ventral  diameter  of  the 
worm.  The  greatest  breadth  of  the  lateral  band  noticed  in  any  speci- 
men was  96yu.  In  one  specimen  it  measured  30.8  at  the  anal  plane. 


INTERNAL  STRUCTURE. 

Not  an  inconsiderable  amount  of  the  anatomy  can  be  seen  in  speci- 
mens cleared  in  glycerine,  but  for  an  interpretation  of  some  of  the 
structures  sections  are  necessary. 

Digestive  system — The  intestinal  canal  consists  of  three  distinct 
portions:  a long  undivided  esophagus;  a long’ ch3de-intestine  (midgut), 
and  a distinct  rectum. 

Eso2)liag\LS. — The  esophagus  (figs.  5,  10,  11,  15)  is  2.5  to  2.9  mm. 
long;  anteriorl}"  it  is  88  to  lllyu  in  diameter;  caudad  it  increases  in 
diameter,  at  first  slowh%  then  more  rapidl}^,  attaining  its  maximum 
22815— No.  34—07 2 


(about  334:yu)  slightly  in  front  of  its  caudal  end.  The  measurements  of 
the  esophagus  varj"  in  different  specimens.  No  differentiation  into  the  i 
dispharagus  type  was  observed.  A torsion  of  the  esophagus  is  present. 

In  its  caudal  half  and  at  some  other  points  the  esophagus  lies  more  or  j 
less  exactl}"  in  the  middle  axis  of  the  bod}^,  but  portions  of  its  anterior  1 
half  may  be  decidedly  excentric,  nearing  the  dorsal  surface  of  the  worm.  \ 
On  section  the  outline  is  circular,  but  the  lumen  is  seen  to  be  triradiate,  | 
each  leg  of  the  3-rayed  star  measuring  about  10 ju.  The  bod}-  of  the 


esophagus  (figs.  5,  11)  presents  an  exceedingly  interesting  arrangement 
of  its  component  parts,  but  because  of  the  poor  condition  of  the 
material  it  is  perhaps  better  not  to  attempt  a definite  interpretation  at 
this  time.  It  may,  however,  be  stated  that  nuclei  are  visible  at  some 
points  and  that  at  other  points  there  are  structures  which  are  indicative 
of  nerves  and  of  glands;  further,  that  the  component  parts  of  the 
esophageal  wall  present  an  almost  mathematically  exact  radial  symme- 
try, the  three  chief  fields  of  the  s^mimetry  being  determined  of  course 
by  the  three  legs  of  the  triradiate  lumen;  finall}^,  the  component  parts 
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of  each  of  these  three  tielcls  present  a more  or  less  exact  symmetiy. 
The  esophagus  is  more  or  less  surrounded  by  certain  structures,  which 
will  be  described  farther  on. 

Chyle-intestine. — The  ch}de-intestine  or  midgut  (fig.  13)  is  of  nearly 
uniform  diameter  and  runs  straight  from  the  posterior  end  of  the 
esophagus  to  the  anterior  end  of  the  rectum.  Focusing  upon  the 
ch}de-intestine  through  the  body  wall,  one  distinctly  sees  the  bases  of 
the  intestinal  cells;  the}"  are  about  in  diameter  and  arranged  much 
like  the  cells  of  a honey-comb. 

Viewed  in  transverse  section  the  ch}"le-intestine  is  seen  to  be  at  first 
somewhat  compressed  laterally,  then  it  becomes  rather  quadrangular, 
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Fig.  10. — Enlarged  view  of  the  head,  showing  the  central  nervous  system;  the  crossed  condition  of 
the  fibers  was  quite  evident  in  one  specimen,  but  compared  ^vith  other  specimens  this  point  in 
the  drawing  is  somewhat  exaggerated  and  diagrammatic. 

Fig.  11. — Transverse  section  of  head  through  region  of  the  central  nervous  system.  In  addition  to 
the  characters  described  for  fig.  5,  note  that  instead  of  a bridge  connecting  the  four  longitu- 
dinal bands,  there  is  a distinctly  fibrillated  structure  which  represents  the  central  nervous 
system. 


near  the  esophagus,  but  farther  caudad  it  becomes  somewhat  flattened 
dorso-ventrally,  so  that  its  lateral  diameter  is  about  308/^  to  a dorso- 
ventral  diameter  (closed  lumen)  of  202/t.  The  lumen  is  suppressed,  or 
nearly  so,  and  contains  no  food;  the  high,  C5dinder-epithelial  cells  are 
about  9/^  broad;  those  near  the  median  line  are  longer  (in  some  cases 
attaining  about  90 pi)  than  those  near  the  sides  (which  may  decrease  to 
30yw);  the  nuclei  of  these  cells  are  arranged  near  the  distal  end,  namely 
away  from  the  lumen,  and  measure  about  6yw;  the  cells  themselves  con- 
tain numerous  particles,  apparently  representing  reserve  food  material; 
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FIG.  12. — Enlarged  view  of  a midgut  portion  of  a 'worm  cleared  in  glycerine,  as  seen  dorsally  or 
ventrally.  Note  the  following  characters:  The  clear  line  in  the’middle  represents  the  median 
line  or  band;  near  this  is  seen  a fine  mesh  work  which  represents  the  surface  ■new  of  the  intesti- 
nal epithelium,  as  seen  upon  deep  focus;  above  is  a much  coarser  network,  which  represents  the 
surface  view  of  the  reticulum  (compare  fig.  6)  between  the  muscular  layer  and  the  intestine; 
the  broad  band,  occupjdng  more  than  half  the  figure,  is  the  intestine;  laterally  of  this  there  is  on 
each  side  a dark  band,  representing  the  excretory  glands;  lateral  of  these  are  the  areas  of  the 
lateral  bands,  with  their  nuclei;  then  the  subcuticula,  and  finally  the  cuticula. 

Rectum. — The  rectum  (ligs.  7-9)  is  about  200>u  long.  Several  large 
nuclei  are  visible  in  this  region,  and  certain  cell  boundaries  can  be  dis- 


the  cuticle  of  the  lumen  is  6.6  to  8.8yw  thick,  and  in  the  posterior  por- 
tion of  the  midgut  this  cuticle  mav  show  a rod-like  structure.  In  the 
anterior  quadrangular  portion  of  the  midgut,  fibres  ‘run  from  the 
submedian  corners  toward  the  body  wall. 
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ting’uished,  but  the  details  were  somewhat  unsatisfactory,  owing  to  the 
condition  of  the  material. 

Nervous  system. — The  brain  (figs.  10-11,  15)  surrounds  the  esoph- 
agus at  a plane  corresponding  rather  closely  to  the  excretory  pore, 


Fig.  13. — Enlarged  lateral  view  of  a midgut  portion  of  a worm  cleared  in  glycerine.  Compare  this 
with  fig.  12,  and  notice  the  following  details:  The  dark  field  in  the  middle  is  the  lateral  band 
(enlarged  still  farther  in  fig.  14);  this  shows  two  parallel  halves  (dorsal  and  ventral),  separated 
by  a middle  row  of  cells;  the  wavy,  more  or  less  parallel  lines  represent  the  somatic  muscles; 
near  the  sides  of  the  figure  one  obtains  a lateral  view  of  the  large  reticulum  shown  in  fig.  12;  on 
deep  focus,  this  reticulum  is,  of  course,  much  more  distinct  than  can  be  shown  in  a view  draAvn 
in  perspective. 


namely,  about  416yu  from  the  anterior  extremit3^  There  is  some  slight 
variation  in  the  diflerent  specimens,  so  that  this  measurement  is  some- 
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what  diagrammatic  and  corresponds  to  an  excretory  pore  432/^  from 
the  cephalic  end.  A few  cells,  evidently  ganglionic  in  nature,  could 
be  distinguished  in  the  brain,  but  a detailed  description  of  them  would 
be  difficult  and  rather  unsatisfactory  on  the  present  material.  Like- 
wise a detailed  description  of  the  nerves  would  be  likely  to  lead  to 
errors  of  interpretation  until  fresh  material  can  be  found.  It  ma}^  be 
mentioned,  however,  that  in  one  specimen  in  particular  the  libers  of  the 
nerve  ring  seem  to  cross,  as  shown  somewhat  diagrammaticallv  and  in 

slightly  exaggerated  con- 
dition in  fig.  10.  At  the 
submedian  papillee,  and 
also  in  some  other  parts 
of  the  bod}^,  structures 
were  observed  which 
were  strongly  indicative 
of  nerve  elements,  fibers, 
and  ganglionic  cells,  but 
it  is  thought  best  not  to 
describe  them  here  and 
thus  to  avoid  a danger  of 
error  of  interpretation. 

Muscular  system. — 
On  examination  of 
m o u n t e d s p e c i m e n s 
cleared  in  glvcerine  a 
marked  longitudinal  stri- 
ation  is  visible  on  certain 
focus.  This  St  nation, 
rather  wavey  in  character 
in  many  places,  repre- 
sents the  somatic  muscles. 
On  transverse  section 

Fig.  14. — Very  greatly  enlarged  lateral  surface  view  of  the  theSC 

lateral  band  of  a specimen  cleared  in  glycerine.  Note  the  muScleS  are  Seen  tO  be 
two  halves  (dorsal  and  ventral)  of  the  band  separated  bv  a . „ n • g ;]•  ^ 

distinct  line  of  cells;  note  also  the  nuclei  and  cells.  ' ai'l’angecl  in  tour  distinct 


quadrants,  separated 
from  each  other  bv  the  four  longitudinal  lines.  There  are  about 
15  to  20  fibers  per  quadrant  at  about  the  cerebral  plane,  but  in  the 
equatorial  plane  there  are  many  more — TO  or  more.  These  fibers  are 
evidently  quite  long,  but  their  length  was  not  established.  On  cross 
section  it  is  seen  that  the  fibers  in  the  submedian  lines  present  the 
greatest  radial  diameter,  while  those  nearer  the  longitudinal  bands 
are  smaller.  The  striation  of  the  fibers  is  chieflv  tangential  to  the 
worm,  although  occasionally  a peripheral  radial  striation  is  noticed. 
The  contractile  substance  of  any  given  quadrant  presents  a notched 
or  serrate  appearance  on  its  proximal  border,  and  from  the  top  of  the 
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teeth  of  the  serration  centripetal  fibers  are  noticed  extending  toward 
the  intestinal  tract.  These  centripetal 
fibers  bound  the  protoplasmic  processes 
of  the  muscle  cells  and  form  a mesh 
work  which  almost  completely  fills  the 
bod}"  cavity  and  which  gives  a very 
striking  picture  as  one  views  a mounted 
specimen  cleared  in  gh"cerine.  Because 
of  the  direction  of  the  mesh  work  the 
dorsal  and  ventral  views  (fig.  12)  of  the 
worm,  in  respect  to  this  mesh  work,  are 
entirely  ditferent  from  the  lateral  view 
(fig.  13).  The  superficial  meshes  are 
smaller  than  those  which  lie  more 
deepl}".  The  entire  picture,  as  seen 
through  the  body  wall,  reminds  one  of 
adipose  tissue.  On  transverse  section, 
however,  it  is  seen  that  fine  fibers  pro- 
ceed from  the  apices  of  the  serrate 
border  of  the  muscular  layer;  these 
fibers  extend  in  a general  way  toward 
the  intestine,  but  in  an  irregular  course. 

Approaching  each  other,  they  form 
small  meshes  near  the  muscle  fibrillae, 
with  larger  meshes  toward  the  intes- 
tine. The  smaller  meshes  near  the 
muscle  fibrillfe  contain  a fineh"  granu- 
lar mass;  the  larger  meshes  may  be 
clear  or  nearly  so.  Nuclei  may  be  ob- 
served here  and  there  in  the  mesh  work. 

Longitudinal  bands  and  subcuti- 
CULA. — As  stated  in  the  foregoing,  the 
lateral  bands  are  much  more  highly 
developed  than  are  the  median  bands; 
further,  the  lateral  bands  are  in  close 
relation  to  the  excretory  glands,  so  that 
the  two  together  present  an  appearance 
which  one  is  at  first  tempted  to  consider 
as  indicating  a common  origin.  Closer 
study,  however,  indicates  a more  dis- 
tinct separation  than  at  first  seems 
probable. 

Siibcuticula.  — The  subcuticula  is  very 
thin,  but  in  some  sections,  and  even  in 
some  worms  cleared  in  glycerine  it  ap- 
pears quite  distinct. 

Median  bands. 
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-The  median  lines  can  be  distinguished  on  most  sec- 
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tions  (figs.  5,  6,  11).  In  most  sections  the  median  bands  are  seen  to 
extend  as  very  narrow  structures  centripetally  beyond  the  muscle 
layer  and  then  to  become  broader.  In  the  esophageal  region,  espe- 
cially anterior  of  the  brain,  they  are  more  distinct  than  in  the  inidgut 
region,  and  immediately  back  of  the  mouth  they  are  connected  with 
the  lateral  bands  to  form  a suspensory  bridge  around  the  esophagus 
(fig.  5).  , 

Lateral  hamds. — The  lateral  bands  are  much  more  complicated  in 
structure  than  are  the  median  bands.  Very  close  to  the  mouth  they 
are  rather  narrow  (figs.  3.  5),  extending  centripetally,  howeyer,  nearly 
to  the  esophagus.  They  may  be  more  or  less  distinctly  seen  to  be  com- 
posed of  two  portions,  one  yentral,  the  other  dorsal;  each  portion  is 
supplied  with  distinct  nuclei;  farther  caudad  this  diyision  into  a 
dorsal  and  a yentral  portion  is  yery  apparent.  Anteriorly,  where  the 
band  is  narrow,  a lateral  yiew  of  specimens  cleared  in  glycerine  shows 
two  rows  of  nuclei  directly  under  the  cuticle — one  row  in  the  dorsal, 
the  other  in  the  yentral  portion:  on  cross  sections  of  this  region  not 
only  are  these  two  subcuticular  nuclei  yisible,  but  in  each  portion  a 
row  of  nuclei  (fig.  5)  is  seen  extending  toward  the  esophagus. 

Beside  these  two  rows  of  nuclei,  a third,  at  first  less  distinct,  row 
of  single  subcuticular  nuclei  (figs.  3,  5)  appears  situated  between  the 
two  more  distinct  rows  and  separating  them;  farther  caudad,  as  will 
be  shown  below,  this  middle  row  becomes  more  distinct. 

Centripetally  of  this  middle  row  some  sections  seem  to  present  a 
delicate  but  distinct  longitudinal  canal  between  the  two  (dorsal  and 
yentral)  halyes  of  the  lateral  band.  'Whether  this  is  an  actual  canal, 
as  is  indicated  by  the  sections,  or  whether  it  is  an  artifact  due  to  the 
material,  may  possibly  be  better  left  an  open  cpiestion  for  the  present, 
for  there  are  some  sections  in  which  the  canal  is  not  distinct,  while  in 
some  sections  which  are  torn  the  tear  corresponds  to  this  apparent 
canal.  The  sections  in  question  can  hardly  form  the  basis  for  a strong 
argument  against  interpreting  the  structure  in  question  as  a canal,  for 
the  latter  is  a delicate  structure,  the  lumen  of  which  might  easily  be 
suppressed  at  some  points,  while  any  tear  of  the  section  would  rather 
naturally  occur  at  this  point. 

Farther  caudad,  for  instance  in  the  midgut  region  of  the  body,  the 
lateral  band  presents  a yery  striking  appearance  (figs.  13-,  14).  On 
examination  of  specimens  cleared  in  glycerine  the  lateral  yiew  shows 
broadened  dorsal  and  yentral  halyes,  in  which  a distinct  subcuticular 
cellular  structure  is  eyident;  each  cell  presents  a nucleus.  While  these 
nuclei  are  seen  at  almost  any  point,  they  appear  more  distinct  and  more 
regular  near  the  margins  of  each  half.  The  middle  single  row  of  cells 
becomes  yery  distinct,  separating  the  dorsal  and  the  yentral  halyes  of 
the  band. 
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Sections  (fig’s.  16  to  25)  confirm  the  surface  views,  and  show  certain 
additional  characters.  There  are  two  quite  distinct  thickenings  of  the 
cuticle  at  the  lateral  band,  near  the  lateral  line.  The  dorsal  and  the 
ventral  halves  of  the  lateral  band  are  seen  to  vary  considerabl}"  in 
transverse  outline  as  sections  are  followed  caudad,  and  the  two  halves 
are  not  symmetrical,  one  to  the  other.  The  nuclei  are  seen  to  be 
more  massed  and  more  numerous  near  the  dorsal  and  ventral  marg’ins 
of  each  half  than  between  these  points;  most  of  the  nuclei  are  situated 
centrifugally  (distall}^),  but  here  and  there  nuclei  are  found  some  dis- 
tance proximally  (away  from  the  cuticle);  further,  cellular  prolonga- 
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Fig.  16. 

Figs.  16-25. — Nine  transverse  sections  of  the  lateral  band  and  the  excretory  gland  in  different 
parts  of  the  body,  except  that  figs.  19  and  20  and  figs.  21  and  22,  represent  the  two  glands  on 
opposite  sides  of  the  same  cross  sections.  Fig.  16  is  anterior  of  the  nucleus  and  shows  a bladder- 
like widening  {ex.  c.),  apparentl}'  belonging  to  the  excretory  canal.  Fig.  17  is  through  the 
nucleus.  Note  the  excretory  canal  {ex.  c.)  on  the  nonnucleated  side.  Dorsally  of  the  nucleus 
is  a thick-walled  canal-like  structure.  The' nucleus  is  somewhat  contracted  from  the  nuclear 
membrane.  Fig.  18  is  a section  caudad  of  the  point  of  union  of  the  bridge.  Figs.  19-20  show 
the  two  lateral  bands  and  two  glands  from  one  section.  Note  their  asymmetry.  Figs.  21-22 
show  the  two  lateral  bands  and  glands  further  caudad.  Fig.  23  shows  a section  in  which  the 
gland  has  reduced  in  cross  section  and  exhibits  a reticular  structure.  Fig.  24  shows  a section 
still  farther  caudad.  Fig.  25  shows  a section  near  the  caudal  end  of  the  gland.  The  latter  is 
very  small. 

tions  are  seen  to  extend  centripetally,  toward  the  proximal  margin  of 
the  lateral  band;  in  some  cases  these  cells  were  followed  nearh^  or 
quite  to  the  proximal  margin;  in  some  sections  there  appeared  to  be  a 
decidedly  distinct  differentiation  in  the  proximal  (centripetal)  portion, 
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indicative  of  a lack  of  distinct  cellular  structure;  whether  this  differ- 
entiation was  an  artifact,  and  more  apparent  than  real,  due  to  the  con- 
dition of  the  material,  may  better  be  left  for  decision  when  fresh 
material  can  be  examined.  The  dorsal,  ventral,  and  proximal  margins 
of  each  half  of  the  band  present  a condensed  appearance  which  in 
not  a few  sections  is  indicative  of  a distinct  membrane. 

Toward  the  lateral  line,  corresponding  to  a frontal  plane  of  the 
worm,  the  dorsal  and  ventral  halves  of  the  lateral  bands  are  distinctly 
separated.  This  separation  is  due  primarily  to  the  single,  middle  row 
of  cells  mentioned  above.  The  nuclei  of  these  cells  can  be  very  dis- 
tinctly seen  both  on  surface  views  and  on  section,  but  it  is  more  diffi- 


cult to  trace  the  centripetal  portion  of  the  cells  themselves.  In  some 
sections  the  cells  could  be  quite  distinctly  followed  to  the  proximal 
borders  of  the  two  halves  of  the  band,  nameh^  to  the  point  at  which  the 
gland  (to  be  described  below)  meets  the  marginal  point  between  the 
two  halves  of  the  band.  The  picture  obtained  was  strongly  indicative 
of  an  interpretation  that  the  middle  row  of  cells  in  question  acted  as  a 
connective  element  between  the  gland  and  the  subcuticula.  Such  an 
intrepretation  was  not  confirmed,  however,  by  some  of  the  sections,  for 
the  cell  could  not  be  traced  to  the  proximal  margin,  and  the  space  not 
occupied  by  the  cell  appeared  not  unlike  a canal;  the  possibility  is  by 
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I no  means  excluded  that  this  canal-like  appearance  was  an  artifact;  in 
, fact,  certain  sections  strongdy  indicated  that  it  was.  In  still  other  sec- 
tions, the  middle  cell  was  rather  short,  but  a process  from  the  large 
' gland  could  be  followed  centrifugally  between  the  dorsal  and  ventral 
I halves  of  the  band,  nearly  or  quite  to  the  middle  cell. 

j 

i 
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Fig.  18. 

The  determination  of  the  existing  conditions  must  be  left  for  stud}?' 
of  fresh  material,  notwithstanding  a strong  indication  on  some  surface 
views  of  the  existence  of  a longitudinal  canal  with  a lumen  of  about 
4 to  G in  diameter. 

Excretory  system. — The  excretoiy  system  is  very  striking,  but 
only  a part  of  it  can  be  interpreted  at  present. 


On  surface  views  of  worms  cleared  in  glycerine  a large,  longitudinal 
ridge,  of  somewhat  sinuous  outline  longitudinally,  is  seen  on  each  side 
of  the  body,  in  close  relation  to  the  lateral  bands.  On  transverse  sec- 
tions several  prominent  characters  of  this  ridge  are  distinctly  visible. 
In  the  lirst  place  it  is  seen  that  in  any  given  section  the  transverse 
outline  of  the  two  ridges  may  be  entirely  different  (compare  fig.  19 
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with  tig.  20,  and  fig.  21  with  fig.  22);  this  fact  is  easily  explained  by 
the  sinuous  character  noticed  on  surface  views.  Independent  of  this 
variation  between  the  two  ridges  of  any  given  transverse  section,  there 
is  a marked  difference  in  the  transverse  outline  of  the  gland  in  different 
parts  of  the  body.  This  outline  is  to  some  extent  correlated  with  the 
transverse  outline  of  the  lateral  bands,  for,  in  general,  when  the  bands 
are  low  radiall}"  the  gland  is  likely  to  be  large,  while  when  the  gland 
is  small  the  bands  are  likely  to  be  larger  radially.  The  gland  may  be 
followed  into  the  posterior  portion  of  the  bod}",  where  it  becomes  very 
small;  toward  the  esophageal  portion  of  the  body,  it  becomes  larger 
and  more  prominent. 

Another  point  visible  on  transverse  section  is  the  presence  of  a dis- 
tinct canal  in  about  the  center  (axial  line)  of  each  gland;  although  some 
sections  were  found  in  which  this  canal  was  not  distinguishable,  it  was 
distinct  in  so  man}-  sections  that  its  existence  can  hardly  be  questioned. 


Fig.  21. 


Fig.  22. 


In  some  sections,  the  gland  appeared  granular,  in  others  it  was  more 
distinctly  reticulate  in  appearance. 

Surface  views  of  the  middle  (equatorial)  esophageal  region  (fig.  15) 
show  that  the  two  longitudinal  glandular  ridges  dip  ventrallv  and  unite 
to  form  a bridge;  the  united  structure  can  then  be  traced  cephalad 
nearly  or  quite  to  the  excretor}"  pore;  one  canal  also  is  seen  to  dip 
ventrally  and  can  be  traced  to  the  excretory  pore;  the  natural  expec- 
tation is  that  the  two  canals  (one  from  each  side)  unite  before  reaching 
the  pore;  on  surface  views  the  point  of  union  was  not  recognized. 
On  sections  the  excretory  pore  w"as  confirmed;  almost  directly  dorsally 
of  it  were  at  least  two  (possibh^  several)  cells,  each  with  a distinct 
nucleus;  tracing  the  excretory  canal  caudad  it  is  seen  to  possess  for  a 
short  distance  a rather  thick  cuticle;  suddenly  the  wall  becomes  thin 
and  the  canal  seems  to  broaden  into  a larger  cavity  resembling  a bladder, 
(fig.  16);  several  of  the  following  sections  are  unsatisfactory,  but  the 
canal  can  be  traced  on  the  nonnucleated  side  (see  below)  of  the  bridge 
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until  it  reaches  the  vicinity  of  the  lateral  bands,  corresponding  to 
what  was  observed  in  two  worms  cleared  in  glycerine  (fig.  15).  On 
the  nucleated  side  of  the  bridge  the  stud}^  was  less  satisfactory,  but 
dorsad  of  the  nucleus  a thick  walled  canal-like  structure  was  observed 
in  several  sections  (fig.  17). 

On  surface  views  a large,  distinct,  and  rather  remarkable  nucleus 
is  also  visible;  this  is  situated  slightly  cephalad  of  the  point  of  union 
of  the  glands  and  appears  to  be  unilateral;  at  least,  in  no  specimen, 
either  on  surface  view  or  in  section,  could  two  such  nuclei  be  distin- 
guished. This  fact,  that  onl}-  one  nucleus  could  be  found,  is  strongly 
indicative  of  an  interpretation  that  the  two  glands  together  represent 
in  reality  only  one  cell.  As  the  nucleus  found  was  very  distinct,  it  is 
difficult  to  assume  that  the  absence  of  a second  nucleus  was  due  to  the 
condition  of  the  material. 

This  nucleus  varies  slightly  in  shape,  but,  in  general,  it  is  much 
longer  than  broad;  it  ma}^  attain  a measurement  of  296  to  316yw  long 
(parallel  with  longitudinal  axis  of  body)  by  90  to  132yw  broad  (trans- 


Fig.  23. 


Fig.  24. 


verse  to  longitudinal  axis  of  bod}^).  Both  in  mounts  of  the  entire 
worm  and  in  sections,  the  nucleus  presents  a thick  nuclear  membrane 
and  a content  of  exceedingly  large  granules.  Its  appearance  is  very 
suggestive  of  the  large  nuclei  of  the  cephalic  glands  of  Agchylostoma 
duodenale  (see  especially  Looss,  1905,  figs.  5 and  38). 

From  the  foregoing  description  it  will  be  seen  that  the  glandular 
structures  do  not  correspond  closel}",  so  far  as  could  be  observed, 
with  the  conditions  described  by  Looss  (1905)  for  Agchylostoma  duo- 
denale. While  recalling  the  unsatisfactory  condition  of  the  material, 
it  is  seen  that  no  true  distinct  systems  of  cephalic  and  cervical  glands 
have  been  observed,  and  that  what  would  seem  to  correspond  to  the 
head  glands  of  Agchylostoma  duodenale^  judged  from  their  position  in 
respect  to  the  lateral  bands,  and.  from  the  large  nucleus,  appear  to 
discharge  through  the  excretory  pore;  further,  that  the  two  sides  of  the 
animal  are  not  symmetrical  in  respect  to  these  structures.  Further 
study  is,  of  course,  advisable  on  material  in  better  condition. 
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The  ridge  does  not  necessaril}^  extend  directly  at  right  angles  to  the 
median  line  of  the  lateral  bands,  but  may  fall  toward  the  median  sur- 
face lines  of  the  body;  thus,  in  an  examination  of  a worm  mounted 
whole,  one  ma}"  focus  superficialh^  upon  the  margins  of  the  true  lat- 
eral band  and  then  more  deeply  upon  the  displaced  margin  of  this 
ridge;  such  change  of  focus  gives  an  impression  that  the  lateral  band 
is  broader  than  it  really  is. 

A longitudinal  canal  may  be  seen  in  transverse  sections  of  this  ridge. 
This  canal  can  be  traced  on  sections  caudad  practically  to  the  caudal 
end  of  the  ridge;  in  tracing  it  cephalad,  some  sections  were  found  in 

which  the  canal  could  not  be  distinguished  with 
certainty,  but  in  the  majority  of  the  sections 
it  was  visible. 

Even  from  this  rather  incomplete  descrip- 
tion, it  is  seen  that  the  ridge  is  not  an  integral 
part  of  the  proliferation  of  the  subcuticula 
which  forms  the  lateral  bands  8.  str.^  but  rather 
an  organ  of  glandular  appearance,  reminding 
the  observer  of  the  so-called  cephalic  gland, 
described  in  certain  nematodes. 

Genital  organs.  ^ — In  no  specimen  were 
structures  found  which  could  be  positive!}^ 
interpreted  as  representing  genital  organs.  One  would  naturall}^ 
assume  that  in  an  animal  of  this  size  there  must  be  such  organs  present 
in  at  least  an  early  stage  of  development.  Probabl}-  they  are  present, 
although  thex^  could  not  be  recognized. 

Body  cavity. — The  bod}-  cavit}"  is  almost  completely  occupied  b}^ 
the  intestine,  lateral  ridges,  and  the  mesh  work  extending’  inward  from 
the  muscular  layer.  In  addition  to  these  structures  a considerable 
amount  of  more  or  less  coarse!}^  granular  material  was  found;  in  at  least 
one  instance  a granular  structure  ( ? ? primordium  of  the  genital  organs) 
was  found  unilateral!}",  close  to  the  lateral  band  near  the  posterior  end 
of  the  chyle  intestine. 


Fig.  25. 


THE  ZOOLOGICAL  CHARACTERS  OF  THE  ROUNDWORM  GENUS  FILARIA 
MUELLER,  1787,  WITH  A LIST  OF  THE  THREAD 
WORMS  REPORTED  FOR  MAN. 


By  Ch.  Wardell  Stiles,  Ph.  D., 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine- 

Hospital  Service. 

(Figs.  26-34.) 


Of  the  zoological  names  used  by  plwsicians,  the  generic  name 
Filaria  is  one  of  those  most  commonly  quoted.  As  used  both  b}^ 
zoologists  and  by  physicians,  this  name  has  been  made  to  act  as  a 
generic  catch-all  for  slender  roundworms  which  could  not  be  definitely 
determined. 

Recently  an  apparently  new  species  of  roundworm  {Agamojllaria 
georgiana)  from  a superficial  sore  on  the  ankle  of  a negress  was  sent 
to  me  by  Dr.  St.  J.  B.  Graham,  of  Savannah,  Ga.,  for  determination, 
and  upon  trying  to  classif}"  it  I found  that  it  could  easih^  be  placed 
in  the  genus  Filaria  as  generally  understood.  From  a systematic 
viewpoint  this  Avas  uiisatisfactoiy,  and  this  fact  led  me  to  trace  the 
history  of  the  genus  Filaria.  The  results  obtained  have  a bearing 
upon  the  parasites  of  man  and  part  of  them  are  herewith  published  in 
the  hope  of  aiding'  to  clear  up  this  group  of  parasites,  so  little  under- 
stood zoologically  despite  the  enormous  amount  of  literature  which 
has  appeared  upon  the  subject. 

The  genus  Filaria  Avas  established  in  ly87,  b}"  Mueller.  In  the 
original  publicatioif  Mueller  did  not  mention  any  specific  names,  but 
he  referred  to  a number  of  parasitic  Avorms  in  A^arious  animals,  and 
comparing  his  bibliographic  references  with  Gmelin,  lT90a,  T is  clear 
that  he  classified  the  following  worms  in  his  new  genus: 

A.  In  mammals: 

1.  Filaria  leonis  Gmelin,  1790a;  this  form  has  been  viewed  since  1809  as  a species 
inquirenda. 

2.  F.  leporis  Gmelin,  1790a;  this  form  has  been  viewed  since  1809  as  a species 
inquirenda. 

3.  F.  martis  Gmelin,  1790a;  of  the  three  original  filariue  of  mammals,  this  species 
alone  has  been  found  and  described  on  seA'eral  occasions  since  1790.  It  apparently 
contained  Gvo  species.  Of  these,  Filaria  mustelarum  [jndmonqlisl  has  been  sepa- 
rated as  the  type  of  Filaroides,  and  the  remaining  form  has  been  renamed  Filaria 
mustelarum  subcutanea  1819,  F.  quadrispina  1851,  and  F.  perforans  1858. 

B.  In  birds: 

4.  F.  gallinse  Gmelin,  1790;  eliminated  from  Filaria  since  1803. 

(31) 
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5.  F.  falconis  Gmelin,  1790a;  considered  identical  with  either  F.  foveolata  1858, 
or  with  F.  nodispina  1858. 

6.  F.  ciconix  Gmelin,  1790a;  incompletely  known,  possibly  identical  with 
Dicheilonema  lahiatum. 

C.  In  insects:  Eight  species  belong  here,  but  it  is  clear  that  Mueller  intended  to 
separate  them  from  Filaria. 

Of  the  species  mentioned  above,  it  is  clear  that  either  martis  or 
falconis  should  be  taken  as  type  of  Filaria^  and  as  circumstances  dis- 
tinctly favor  martis^  this  was  designated  type  by  Stiles  & Hassall 
(1905,  106).  Accordingly,  Filaria  piartis  must  be  studied  in  order  to 
determine  what  the  genus  Filaria  represents. 

Filaria  martis  was  originall}^  described,  but  not  named,  by  Redi.  It 
occurs  in  the  pine  marten  {Mustela  martes)  and  several  other  animals, 
in  Europe.  The  form  w'hich  occurs  in  Europe  in  the  pine  marten 
should  be  taken  as  the  standard  of  reference.  This  worm  has  been 
found  by  several  authors;  it  has  been  renamed  several  times,  but, 
unfortunately,  its  anatomy  is  not  very  well  studied.  No  specimen  is 
at  my  disposal  at  present,  but  from  the  accessible  literature  it  may  be 
seen  that  the  parasite  presents  the  following  synonymy,  bibliography, 
and  zoological  characters: 

FILARIA  MARTIS  Gmelin,  1790. 

[Figs.  26  to  34.] 

1790:  Filaria.  martis  Gmelin,  1790a,  3040  (ex  Eedi) . — Bose,  1802a,  v.  2,48;  1830a,  v. 

2,  59. — Diesing,  1851a,  272  (syn.  of  F.  quadrispina) . — Molin,  1858,  387  (syn. 


Fig.  26. 


vit. 
Fi^.  27. 


Fig.  26.— Anterior  end  of  female  Filaria  martis,  from  Mustela  martes,  Italy;  a,  mouth.  Enlarged. 
(After  Alessandrini,  1838,  pi.  1,  fig.  1.) 

Fig.  27.— View  of  anterior  end,  en  face:  m.  Mouth;  dm.  p.,  dorso-submedian  papilla;  lat.p.,  lateral 
papilla;  vm.  p.,  ventro-suhmedian  papilla;  vu.,  vulva.  Enlarged.  (After  Schneider,  1866a,  pi.  5, 
fig.  9.) 

Fig.  28. — Tail  of  female.  Enlarged.  (After  Alessandrini,  1838,  pi.  1,  fig.  4.) 

Fig.  29.— Tail  of  male,  showing  spiral  and  spicule.  (After  Alessandrini,  1838,  pi.  1,  fig.  2.) 


of  F.  perforans)',  1858,  167  (syn.  of  F.  perforans). — Ransom,  1904,  31. — 
Rudolphi,  1809a,  69  (renamed  F.  mustelarum)  \ 1810a,  379. — Stiles  & Hassall, 
1905,  106  (type  of  Filaria). — Stossich,  1897,  33  (syn.  of  F.  quadrispina  Dies- 
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ing);  1898,  95  (syn.  of  F.  quadrispina  Diesing). — Zeder,  1803a,  38  (ex  Redi; 
sub  cute,  Mustela  martes). 

1794:  IF'daria  medinensis  Rosa,  1794,  2 (not  accessible  to  me). — Diesing,  1851a,  272 
(as  doubtful  syn.  of  F.  quadnspina  Diesing). — Molin,  1858,  387  (as  doubtful 
syn.  of  F.  perforans);  1858,  164,  167  (in  Mustela  foina,  sub  cute;  as  syn,  of 
F.  perforans). 

1809:  Filaraia  Rudolphi,  1809a,  69,  misprint  for  q.  v. 

1809:  Filaria  mustelai'um  Rudolphi,  1809a,  69  (includes  Redi,  24,  25,  pi.  9,  fig.  3, 
vers.  p.  34;  and  F.  martis  Gmelin,  1790a,  3040;  infra  pellem  et  inter  musculos 
, Must  else  foinse,  martis,  et  putorii,  Redi);  1810a,  379-380. — Alessandrini,  ‘‘1843, 

530.” — Bose,  1830a,  v.  2,  59. — Diesing,  1851a,  272  (syn.  of  F.  quadrispina) ; 
1857a,  18  (13). — [Dujardin,  1845a,  47]. — Molin,  1858,  387  (syn.  of  Filaria 
perforans);  1858,  166,  167, 


Fig.  30. — Tail  of  male,  flattened  to  show  the  alee.  Enlarged.  (After  Alessandrini,  1838,  pi.  1,  flg.  3.) 

Fig.  31. — Tailof  male,  ventral  view,  showing  alae,  spicules,  and  papillae.  Enlarged.  (After  Schneider, 
1866a,  86.) 

1819:  Filaria  mustelariini  siibcutanea  Rudolphi,  1819a,  7,  216  {F.  mustelarurn  Rudolphi, 
1809,  renamed;  sub  cute  Mustelarurn  foinse,  martis,  et  putorii). — Alessandrini, 
1838,  1-17,  pi.  1,  figs.  1-12  (in  Mustela  foina) . 

1846:  Filaria  niustelse  foinse  Creplin,  1846b,  161. 

1850:  Filaria  quadrispina  Diesing,  1851a,  271-272  (includes  Redi,  24,  25,  pi.  9,  3, 
vers.  34;  F.  martis  Gmelin,  1790a;  F.  medinensis?  Rosa,  1794,  2;  F.  muste- 
larum  Rudolphi,  1809a;  in  Mustela  foina,  M.  putorii,  M.  martes;  sub  cute  et 
inter  musculos,  Europe). — Molin,  1858,  387  (syn.  of  F.  perforans);  1858, 165, 
166,  167,  168  (syn.  of  F.  perforans). — Parona,  1896,  6. — Schneider,  1866a,  85- 
86,  Ifig.,  pi.  5,  fig.  9 {iu  Mustela  martes  uud.  Hystrix  cristata,  under  the  skin). — 
Setti,  1897,  48-49  (in  Mellivora  capensis;  Ghinda). — Stossich,  1890,  11  (in 
Mustela  foina);  1890,  56;  1893,  3;  1896,  122  (4),  fig.  17);  1897,  32-33;  1898, 
95  (in  Mustela  foina;  at  Trieste,  Cittanova);  1902,  11  (in  Mellivora  capensis; 
Ghinda  (Eritrea),  X.  E.  Africa). 

1858:  Filaria  paforans  Molin,  1858,  387  (includes  Redi,  24,  25,  pi.  9,  3,  vers.  34; 
F.  m,artis  Gmelin,  1790a;  F.  medinensis?  Rosa,  1794;  F.  mustelarurn  Rudolphi, 
1809a;  F.  quadrispina  Diesing,  1851a;  F.  niustelse  harbse  M.  C.  V.;  in  Mustela 
foina,  M.  putorius,  M.  martes,  sub  cute  inter  musculos;  and  Gulo  barbatus,  in 
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cavo  thorac.,  Ypanema);  1858, 155  (in  Mustelafoina;  Padua);  1858, 161-170; 
1861,  316-318,  pi.  14,  figs.  7-8  (supposed  young  stage,  encysted). — Blanchard, 
1890a,  3. — Diesing,  1861a,  700;  1861c,  280. — Grassi,  1887g,  622. — Parona, 
1887,  495  (in  Mustela  foina;  Genova  Zool.  Mus. );  1894,  240;  1896,  6 (in  M. 
foina). — Setti,  1897,  48  (syn.  of  F.  quadrupina  Diesing). — Stossich,  1898,  95 
(syn.  of  F.  quadnsjnna  Diesing). 

1858:  ? Filaria  mustdse  harharx  M.  C.  V.  Collect.  Brasil,  in  IMolin,  1858,  387  (syn.  of 
F.  qjerforans) . 

1858:  "I  Filaria  mustela  barhata  Molin,  1858,  168,  for  F.  mustelx  barbatx. 

1894:  ^'’Filaria  subcutanea  in  Parona,  1894,  240. 

Specific  diagnosis. — Filaria  (p.  36):  Body  white,  slender,  filiform,  very  long,  sub- 
equal; anterior  extremity  attenuated,  obtuse;  posterior  extremity  very  attenuated,  more 
so  than  head.  Cuticle  without  a trace  of  transverse  striation  (Alessandrini,  1838). 
IMouth  small,  round,  unarmed,  surrounded  by  4 submedian  noduliform  papillae;  in 
the  female  the  ventro-submedian  papillae  are  somewhat  nearer  the  mouth  than  are 
the  dorsal  (Schneider);  in  the  male  the  papillae  are  somewhat  displaced  (Stossich). 


Male:  73  mm.  long  (2  to  3^^  by  I to 
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Caudal  extremity  forms  a spiral;  pro- 


vided with  broad  cuticular  alae  (bursa)  which  meet  terminally;  with  9 pairs  of  ven- 
tral filiform  papillae,  3 pairs  preanal,  6 pairs  postanal:  1 and  2,  3 and  4 close  together; 

5 and  6 near  the  median  line  (Schneider).  Spicules  unequal:  the 
larger  spicule  in  form  of  a tube,  with  broad,  transversely  striated 
alae;  the  shorter  spicule  conical. 

Female :«  190  mm.  long  (4 to  7^^  by  ^ to  Caudal  extremity 

acuminate,  somewhat  curved  ventrad;  “anus  at  apex”  (Alessan- 
drini). Vulva  anterior,  very  close  to  the  mouth,  almost  terminal. 
Viviparous  (Molin);  ovoviviparous  (Alessandrini). 

Eggs:  Very  numerous,  small,  elliptical,  with  very  thick  shell 
and  covered  with  very  minute  granulations  (Stossich). 

Habitat. — Under  the  skin,  and  elsewhere,  of  various  European 
Carnivora:  Pine  Marten  {Mustela  mart es  Firmseus);  Beech  Marten, 
Stone  Marten,  or  AVhite-breasted  Marten  {Mustela  foina);  Common 
Polecat  {Putorius  putorius);  Common  Porcupine  {Histrix  cristata);  the  Ratel  {Mel- 
livora  capensis=M.  ratel).  Also  reported  for  one  American  host:  Tayra(G'wZo6a?’- 
batusDe^m..=  Mustela  barbara  Linn£eus=  GaZicfi’s  barbara=  Galora  barbdra)  [legitimate 
doubts  may  arise  regarding  the  specific  identity  of  the  Brazilian  parasite  t>  with  the 
European  form] . 

Geogeaphic  disteibutiox. — Italy,  Austria,  Eritrea  (Africa),  and  ? Brazil. 


Fig.  32. — Egg. 
Enlarged. 
(After  Stos- 
sich, 1896.) 


«In  referring  to  filariae  “des  martres  et  des  putois,”  Dujardin  (1845a,  48)  says  that 
a filaria  sent  from  Vienna  to  the  Paris  Museum  in  1816,  and  labeled  as  having  been 
found  under  the  skin  of  a marten  is  a female,  170  mm.  long,  by  0.4  mm.  in  diameter, 
with  a head  0.10  mm.  in  diameter,  obliquely  truncate,  and  with  a very  small  round 
mouth  near  the  margin;  its  tail  is  equally  obtuse,  0.07  mm.  broad.  The  eggs,  with 
which  this  helminth  is  filled,  are  elliptical,  nearly  round,  42  p long,  covered  with 
a caducous  granular  layer,  and  show  an  enrolled  embryo.  “It  is  very  probable 
from  these  characters  that  it  should  be  placed  in  another  genus.” 

^ Molin  (1858,  168)  examined  a female  taken  by  Natterer  in  Brazil  from  the  tho- 
racic cavity  of  Gulo  barbatus,  2uad  states:  “Questo  corrispondeva  esattamente  alia 
descrizione  che  ho  dato  delle  Filarie  sottocutanee  delle  martore;  soltanto  la  sua 
estremita  caudale  era  molto  ottusa.  Esso  misurava  in  lunghezza,  e [=  in 
larghezza,” 
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Molin  (1861,  316-318,  pi.  11,  tigs.  7-8)  describes  a young  encj^sted 
worm  which  he  interprets  as  the  ^mung  stage  of  F.  i^erforans.  This 
interpretation  is,  as  Molin  indicates,  subject  to  confirmation.  His 
account  is  here  given  in  the  original,  as  the  work  in  which  it  was 
published  is  not  generally  accessible: 

Habitaculum. — Mustela  putorius:  sub  cute  et  in  tela  conjunctiva  intermusculari, 
omni  anni  tempore.  J/.  foina:  sub  cute  et  in  tela  conjunctiva  intermusculari,  omni 
anni  tempore;  inter  pericardium  et  cor,  in  corde  sub  endocardio,  in  cavo  thoracis  et 
abdominis,  et  sub  cute,  Decembre,  Patavii  (Molin). 

Osservazione  1.  Ad  ogni  epocadell’  anno  rinvenni  numerosi  esemplari  tanto  maschi 
che  femine  del  suddetto  verme  sotto  la  cute  e fra  i muscoli  delle  puzzole  e delle  faine, 
specialmente  presso  alle  scapule  ed  al  capo  del  femore. 

A1  31  di  Decembre  1857  ricevetti  2 grand!  faine.  In  una  di  queste  rinvenni  una 
filaria  perfettamente  sviluppata  ravvolta  intorno  agli  atriidel  cuore  sotto  il  pericardio, 
ma  nessun  verme  sotto  la  cute.  Xell’  altra  invece  ritrovai  parecchie  filarie  sotto  la 
cute  e due  piccole  sopra  il  peritoneo  nella  regione  delle  coste  spurie,  le  quali  avevano 
di  gia  perforate  la  cavita  addominale  e passavano  dal!  altra  parte  per  annidarsi  sotto 
la  cute.  ISella  prima  faina  pero  oltre  alia  filaria  intorno  al  cuore  rinvenni  1’  omento 
e la  faccia  esterna  dello  stomaco  tempestati  da  piccole  vescichette  del  diametro  di 
circa  0.001  ciascuna  delle  quali  contevena,  oltre  un  fluido  nel  quale  nuotavano  dei 
corpuscoli  simili  a cellule,  un  vermetto  attortigliato  della  lungliezza  di  circa  0.003. 
Gia  per  lo  innanzi  avevo  riscontrato  due  volte  sul 
peritoneo  delle  faine  due  o tre  piccole  vescichette 
con  entrovi  lo  stesso  verme.  Aella  faina  nella 
quale  trovai  vescichette  sull’  omento,  ne  rinven- 
ni una  ma  molto  piu  piccola  nella  camera  destra 
del  cuore  sotto  il  pericardio.  Essendo  esse  abbas- 
tanza  trasparenti,  ne  posi  alcune  sotto  al  micro- 
scopio  dopo  d’  averle  un  momento  compresse. 

Ed  osservando  attentamente  ho  potuto  assicu- 
rarmi  che  il  verme  contenutovi  era  vivo  e si 
moveva. 

Osservazione  2.  Fatte  scoppiare  le  vescichette 
mediante  una  compressione  pin  forte,  ne  sorti  il 
verme,  il  quale  sotto  un  forte  ingrandinmento 
mostrava  il  corpo  pressoche  cilindrico,  un  mo- 
mento attenuato  all’  innanzi  e obbliquamente  tronco 
non  che  acuminate  all’  estremita  caudale.  Egli  aveva  all’  estremita  anteriore  la  aper- 
tura  della  bocca  circondata  da  tre  piccolissime  papille,  e il  margine  incise  ad  angolo  in 
un  punto.  Dair  apertura  della  bocca  partiva  la  faringe  corta  ed  angusta  la  quale  si 
dilatava  nello  stomaco  circa  quattro  volte  piu  largo  e lungo  un  terzo  del  corpo. 
Dallo  stomaco  fine  all’  ano,  collocate  in  fiance  un  poco  all’  innanzi  dell’  apice  caudale, 
estendevasi  il  budello  un  po’  piu  angusto.  Dallato  del  budello  potei  distinguere  un 
altro  tubo  molto  esile,  il  quale  ricorda  gli  organ!  genital!  intern!  della  Filaria  per- 
forans.  Lo  stomaco  era  troppo  opaco  per  poterne  studiare  1’  istologia;  ma  tanto  il 
budello  che  1’  altro  tubulo  vicino  sembravand  compost!  di  piccole  cellule  poligonali 
collocate  a musaico  una  presso  1’  altra.  Da  questa  circostanza  credetti  poter 
conchiudere  che  quest!  vermi  erano  ancora  in  iino  stadio  remote  di  sviluppo. 
Confrontati  quest!  vermi  colla  Filaria  perforans  sembravano  identic!,  meno  le  papille 
intorno  alia  bocca.  Forse  questi  saranno  organi,  i quali  vanno  perduti,  ovvero  si 
modificano  coll’  incremento  dell’  animale.  Dal  complesso  di  queste  osservazioui 
credo  pero  che  facilmente  risulti  che  la  prole  delle  filarie  entrano  nelle  cawta  del 


Fig.  33. — ^Supposed  young,  encysted 
stage  of  F.  martis:  a,  Transparent 
cyst;  b,  internal  membrane;  c, 
coiled  worm;  d,  head:  e,  tail;  /, 
stomach.  Enlarged.  (After  Mo- 
lin, 1861,  pi.  14,  fig.  7.) 
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corpo,  che  qua  si  sviluppano  i giovani  vermi,  i quali  arrivati  a certa  grandezza  per- 
forano  dall’  interno  all’  esterno  le  pareti  del  corpo  per  armidarsi  sotto  la  cute. 
Quali  sieno  le  loro  peregrinaziono  ulterior!,  come  arrivino  a depositare  le  uova 
nella  cavita  addominale,  sono  quesiti  impertanti  bensi  ma  tali  che  soltanto  qualche 
osservazione  accidentalmente  fortunata  sara  in  istato  di  sciogliere.  lo  ho  creduto 
necessario  il  pubblicare  quetsi  fatti  affinche  possano  servire  di  traccia  a qualche 
altro  investigatore. 

Osservazione  3.  Ho  voluto  dare  un’  imagine  tanto  del  verme  nella  vescichetta  che 
isolate. 


Any  generic  diagnosis  written  for  the 
genus  Filaria  should  contain  the  major 
characters  given  above  (p.  34)  for  Filaria 
martis.  This  species,  which  does  not  ap- 
pear to  be  rare,  should  be  carefully  re- 
studied for  other  characters;  some  char- 
acters of  striking  nature  are  almost  posi- 
tively absent  from  F.  martis^  otherwise 
authors  would  doubtless  have  mentioned 
them.  While  it  is  impossible  to  write 
a detailed  diagnosis  for  Filaria  until  the 
type  species  is  restudied,  we  are  now  in 
a position  to  determine  some  of  its  most 
important  characters;  and  these  we  may 
safely  take  as  minimum  characters  for  a 
type  subgenus  Filaria  {Filaria)^  even  if 
not  for  the  genus  Filaria. 

Subgenus  FILARIA  Mueller,  1787. 

1787:  Filaria  Mueller,  1787,  64-67  (type  by  elim- 
ination, F.  martis  Gmelin,  1790,  in  sub- 
cutaneous, tissue  of  Mustela  martes  of 
Italy);  from  filum,  a thread. 

1809:  Filaraia  Rudolphi,  1809a,  69,  misprint 
1840:  Filaire  Lee,  1840a,  283,  misprint. 

1877:  ? Wuchereria  Silva  Araujo,  1877,  Nov.,  492, 
504,  mentioned  as  Wuchereria  filaria  possi- 
bly a lapsus  for  Filaria  wuchereria. 

1877:  Filariu  Magalhaes,  in  Silva  Lima,  1877, 
Dec.,  544,  misprint. 

1884:  Filaria  Calmette,  1884a,  459,  misprint. 

1904:  Falaria  Leidy,  1904a,  190,  misprint. 
Subgeneric  diagnosis. — Filaria:  Very  long,  filiform  vmrms.  Cuticle  unstriated 
(Alessandrini)  and  evidently  without  bosses.  Mouth  small,  round,  unarmed,  ter- 
minal, without  lips. 

Male:  Shorter  than  the  female;  tail  forms  a spiral,  and  is  provided  with  lateral 
cuticular  alse  and  with  both  preanal  and  postanal,  filiform,  papillae,  spicules  unequal. 
Female:  Vuh^  anterior,  very  close  to  the  mouth. 

Type-species. — Filaria  martis  Gmelin,  1790. 


Fig.  34.— Worm  freed  from  its  cyts:  a, 
Mouth;  6,  6',  papillae;  c,  “pharynx;” 
d,  “stomach;”  e,  e',  intestine,  with 
polj^gonal  cells;  /,/,  genital  organs; 
g,  tail.  Greatly  enlarged.  (After 
Molin,  1861,  pi.  14,  fig.  8,  reduced  to 
two-thirds  of  original  figure.) 
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While  it  is  to  be  regretted  that  the  present  anatoroical  knowledge 
does  not  permit  a more  complete  diagnosis,  the  characters  given  above 
furnish  us  a certain  amount  of  valuable  information  in  regard  to  the 
necessity  of  excluding  from  the  typical  Filaria  certain  other  worms, 
usually  classilied  as  members  of  this  genus. 

A large  number  of  different  species  of  Filaria  have  been  described. 
Of  these,  the  following  species  have  been  taken  as  Wpes  of  distinct 
genera: 

seihiopica  Valenciennes,  1856,  see  medinensis. 

anthuris  Rudolphi,  1809a  {Acuaria  Bremser,-  1811;  AntJnms  Rudolphi,  1819;  Spi- 
roptera  Rudolphi,  1819;  Dispharagus  Dujardin,  1845). 
bourgii  see  loa. 

caudispina  Molin,  1858  (probably  type  of  Dipetcdonema  1861). 
conjonctivalis  Penel,  1905,  see  loa. 

cystica  Salisbury,  1868,  see  Oxyuris  (Oxyurias)  vermicularis. 
diuma  see  loa. 
dracunculus  see  medinensis. 

hominis  Diesing,  1851a  (equals  lyinpliaiica  renamed,  type  of  Hamularia). 

hominis  bronchialis  see  hominis. 

irritans  Rivolta,  1884  {Dermofilaria  Rivolta,  1884). 

labiata  Creplin,  1825a  (?  type  of  Dicheilonema  1861). 

loo.  Cobbold,  1864  {Loa  Stiles,  1905). 

lymphatica  Treutler,  1793  {Hamularia  Treutler,  1793). 

medinensis  Linnaeus,  1758a  {Dracunculus  1759). 

inegalocliila  Diesing,  1851a  {Schizocheilonerna  and  Tricheilonerna  Diesing,  1861a). 
muscse  Carter,  1861d  {Habronema  1861). 

rnustelarum  (pulmonalis)  Rudolphi,  1819a  {Filaroides  Beneden,  1858a). 

oculi  Gervais  & van  Beneden,  1859b,  see  loa. 

physalura  Bremser,  1851  (?  type  of  Monopetalonema  1861). 

quadrilabiata  Molin,  1861  ( Tetracheilonema  1861) . 

rigida  Siebold,  1836  {Bradynema  zur  Strassen,  1892). 

subconjunctivalis  Guyon,  1865a,  see  loa. 

In  connection  with  the  genus  Filaria^  and  to  some  extent  in  addi- 
tion  to  the  genera  just  mentioned,  certain  other  groups  come  into 
consideration.  Reference  is  made  to  the  genera  which  Diesing, 
1861a, ^ included  in  his  family  Sjnruridea^  namely,  the  following  sub- 
families : 

1.  Acheilospiruridea,  with  the  genera  Spiroptera,  Eucamptus,  Proleptus,Hisiioceplialus, 
Dispharagus,  Spiropterina;  and 

2.  Cheilospiruridea,  with  the  genera  Spirura,  Hystrichis,  Echinocephalus,  Cheilos- 
pirura,  and  PhysocejAialus. 

In  reference  to  Sj>iropte)Xi^  it  mn}"  be  noticed  that  the  following 
species  have  been  made  types  of  genera: 

anthuris  Rudolphi,  1819a  {Acuaria  Bremser,  1811;  Anthuris  Rudolphi,  1819; 
Spiroptera  Rudolphi,  1819;  Dispharagus  Dujardin,  1845). 
hamulosa  Dieting,  1851a  {Cheilospirura  DieAng,  1861). 

^ This  paper  was  presented  to  the  Academy  on  December  6,  1860,  but  does  not 
appear  to  have  been  published  until  1861.  It  is  erroneously  given  as  December  6, 
1861,  in  Stiles  & Hassalhs  Index  Catalogue  of  Medical  and  Veterinary  Zoology. 
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laticaudata^ndiOlphi,  1819a  (?  type  of  Histiocephalus  Diesing,  1851). 

Mueller,  1869  {Myzomimus  Stiles,  1892). 

contorta  Rudolplii,  1819a  {Spiroxys  Schneider,  1866). 

Beside  all  the  genera  thus  far  mentioned,  a zoological  revision  of  the 
threadworms  must  also  take  into  consideration  certain  other  genera, 
such  as  Physcdoptera  (which  some  authors  classify  in  the  Filariidse^ 
others  in  the  Strongylidde^  others  as  a distinct  family),  and  several 
other  genera,  the  systematic  position  of  which  is  not  definitely  estab- 
lished. Thelazia  Bose,  1819,  based  upon  T.  rhodesii  (compare  laci^y- 
malis)  of  cattle,  must  be  considered  in  this  connection. 

Without  attempting  at  present  to  revise  the  entire  filaria  group, 
which  should  probably  be  given  superfamily  rank,  as  Filarioidea,  it  is 
possible,  in  light  of  the  type  Filaria  as  now  determined,  to  clas- 
sify, to  at  least  some  extent,  the  threadworms  reported  for  man.  At 
least  two  subfamilies  should  be  recognized  for  these  worms,  namelj^, 
Fracunculiinse  and  Filariinse. 

Superfamily  FILARIOIDEA  new  group. 

Family  FILARIIDA^  Braun,  1895. 

1863:  Filaridea  Carus,  1863,  461. 

1876:  Filariadse  heuckart,  1876a,  609-611. — Braun,  1883a,  160,  181. — Parona,1887,  358. 
1879:  Filaridse  Cobbold,  1879b,  5. — Blanchard,  1895,  746. — Bos,  1894a,  218. — Braun, 
1895b,  219. — Daniels,  1898e,  879-880. — Lepri,  1898a,  56. — Roger,  1901,  95. — 
, Schneidemuehl,  1896,  306. — Stossich,  1898,  92. 

1895:  Filar iidse  Braun,  1895b,  212-213. — Ransom,  1904,  20,  30,  31,  38,  40,  41. — Ship- 
ley,  1896,  147. 

1899:  Filarides  Assenova,  1899,  104. 

It  is  very  difficult  at  present  to  write  a satisfactory  diagnosis  of  this 
family,  but  the  following  may  Ije  taken  provisionally  for  this  purpo.se: 

Family  diagnosis. — Nematoda,  Filarioidea:  Body  filiform,  rather  long,  in  some 
cases  about  a meter  in  length.  Head  straight,  often,  if  not  always,  with  two  latero- 
median  and  four  submedian  papillae;  lateral  lines  more  highly  developed  than 
median  lines.  Mouth  terminal,  variable,  in  some  cases  with  two  lips,  occasionally 
with  a more  or  less  distinct  buccal  capsule;  esophagus  slender,  elongate,  may  be 
divided  into  two  portions,  but  has  no  posterior  liulb;  midgut  present;  rectum  pres- 
ent; anus  subterminal.  All  species  parasitic.  Development,  at  least  in  certain 
species,  with  change  of  host. 

Male:  With  1 to  2 unequal  spicules;  tail  usually  curved  spirally,  provided  with 
papillae,  and  in  some  cases  with  lateral  ahe. 

Female:  Larger  than  male;  vulva  present  or  absent  in  gravid  worms;  when  present, 
usually  anterior;  uterus  double;  usually  ovo viviparous. 

Type  genus. — Filaria  Mueller,  1787. 

This  family  contains  numerous  species  which  have  been  placed  in 
rather  poorly  defined  genera. 

There  can  be  little  doubt  that  the  Filariidde,  must  be  divided  into 
several  subfamilies.  The  typical  subfamily  will  necessaril}^  be  Fila- 
riindd^  although  the  exact  characters  and  extent  of  this  subgroup  can 
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scarcely  be  established  at  present.  Whatever  these  characters  ma}^ 
be,  the  genus  Dracun cuius  is  so  distinct  from  the  other  forms  that  it 

ma}^  well  be  taken  as  representative  of  a special  subfamily. 

( 

KEY  TO  TWO  SUBFAMILIES  OF  FILARIID^. 

Vulva  usually  anterior,  near  mouth;  spicules  usually  quite  dissimilar. (p.  40) 
Vulva  absent  in  gravid  stage,  the  female  genital  organs  discharging  through  the 
mouth;  male  unknown Dracunculiinse  (p.  39) 

Subfamily  DRACUNCULIIN^,  new  subfamily. 

This  subfamih"  is  erected  for  the  Guinea  worm,  Zlracunculus 
medinensis^  frequently  called  Filaria  medinensis.  The  absence  of  a 
vulva  in  the  adult  stage  is  such  a major  character  that  this  alone  suf- 
fices to  separate  the  worm  from  the  true  Filavia. 

The  generic  and  specific  s^monyni}"  are  as  follows: 

G-eiaias  30RACTJIVCXJLTJS  KnipliofT,  IToO. 

1689:  Dracunculus  Cunelius,  1689a,  395-428;  Pre-Linnsean. 

1712:  Dracunculus  Ksempfer,  1712,  524-531;  Pre-Linnsean. 

1759:  Dracunculus  Kniphoff  (1759),  12  (monotypical,  medinensis)  [not  Dracunculus 
Wiegm.,  1834,  reptile;  not  Dracunculus  fish,  see  Kroyer,  1838-40a,  422,  syn. 
of  Callionyrnus  lyrai]. — Diesing,  1861a,  695-698  (includes  j^ersarum  [=medi- 
nensisl,  oculi,  sethiopicus) . — Gallandat,  1773a,  103-116  (m.  medinensis). 

1773:  Vena  Gallandat,  1773a,  103-116  (m.  medinensis). 

1792:  Xervus  Laporte,  1792b,  531  (m.  medinensis). 

1896:  Dracuncuus  Moniez,  1896,  317,  misprint. 

1896:  Drakunkulus  Schneidemuehl,  1896,  306,  for  Dracuncidus. 

1905:  Draconculus  Penel,  1905,  67,  misprint. 

The  t3"pe  of  this  genus  is  the  Guinea  worm,  also  known  as  the 
Medina  worm.  Nearly  all  articles,  both  in  medical  and  in  zoological 
literature,  which  refer  to  Dracuncidus  deal  with  this  parasite. 

The  Medina  Worm— DRACUNCULUS  MEDINENSIS  fLinnsens,  1758)  Gallandat  1773. 

1674:  Dracunculus  veterum  X Q\s,ch  (1674);  Pre-Linnyean. 

1674:  Velsch  (1674) ; Pre-Linnyean. 

1689:  Dracunculus  Cunelius,  1689a,  395-428,  and  of  most  authors;  Pre-Linnsean. 
1694:  Dracuncidus  persarum  1694a;  1712,524-535;  Pre-Linnaean. 

1740:  Vena  medina  Grundler,  1740a,  329-330;  Pre-Linnsean. 

1758:  Gordius  medinensis  Linnaeus,  1758a,  647  (includes  Vena  medinensis  and  Dracun- 
culus per  sarum)-,  in  Homo;  India. 

1760:  Dracuncidus  veterum  Pallas,  1760. 

1773:  Vena  medinensis  (Linnaeus,  1758)  Gallandat,  1773a,  103-116  [not  of  Larrey.  1812 
(teste  Blanchard,  1899e,  506)]. 

1773:  Dracuncidus  medinensis  (Linnaeus,  1758)  Gallandat,  1773a,  103-116. 

1777 : Dracunculus  grsecorum  Gruner,  1777a,  257-264. 

1781:  Dracunculus  persaruni  Fuchs,  1781a,  40  pp. 

1790:  Filaria  medinensis  (Linnaeus,  1758)  Gmelin,  1790a,  3039. 

1795:  Furia  medinensis  (Linnaeus,  1758)  Modeer,  1795,  143-167. 
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1819:  Filaria  dracunculus  Bremser,  1819a,  194-221,  pi.  4,  fig.  1;  medinensis  renamed. 
1838:  Filaria  medeninsis  Alessandrini,  1838,  2;  misprint. 

1856:  Filaria  nethiopica  Yalenciennes,  (1856),  259-261. 

1861:  Dracuncidus  xthiopicus  (Valenciennes,  1856)  Diesing  1861a,  698. 

1863:  Di'acunculus perlorum  Meissner,  1863,  51;  misprint  for  persano??. 

1893:  Filaria  guinensis  Dunglison,  1893a,  440. 

1896:  Dracuncuus  medinensis  (Linnseus,  1758)  Moniez,  1896,  317;  misprint. 

1896:  Filaria  {Dracunculus)  medinensis  (Linnaeus,  1758)  Shipley,  1896,  147,  157,  163. 
1896:  Filaria  sethiopilu  Schneidemuehl , 1896,  306;  ior  sethiopica. 

1896:  Drakunkulus  persarum  (Fuchs,  1781)  Schneidemuehl,  1896,  306. 

Vernacular  names:  Guinea  worm,  Medina  worm,  Beenwurm,  Brack wasserwurm, 
Tankwurm,  Nestlewurm  (in  part  only),  Filaria  deMedine,  Filaria  de  Medina, 
vers  de  Guinee,  Dragonneau  (in  part;  compare  Gordius). 

4 

Subfamily  FILARIIN^,  new  subfamily. 

The  subfamily  which  contains  Filaria  must  be  named  Filariinae. 
Its  full  characters  are  not  established  at  present,  but  one  of  its  chief 
characters  must  be  the  presence  of  a vulva  in  the  adult  female. 

Grem:is  IVIlLiAR-IA  ivr.iaellei%  IT'87'. 

The  t}^pe  of  this  genus  must  be  carefully  restudied  before  a satis- 
factory generic  diagnosis  (see  p.  34)  is  written.  For  the  present  we 
may  divide  it  into  three  subgenera,  to  contain  the  filaria  reported  for 
man,  but  it  is  quite  probable  that  these  subgenera  will  later  be  given 
generic  rank.  Thelazia  also  comes  into  consideration  as  a possible 
subgenus  of  Filaria.  For  a list  of  the  species  of  Filaria  which  have 
been  taken  as  types  of  distinct  genera  see  p.  37. 

For  the  purposes  of  this  paper  the  remaining  species  of  ‘‘^Filaria" 
reported  for  man  will  be  arranged  as  follows: 

A.  Subgenus  Hamularia  Treutler,  1793. 

B.  Subgenus  Loa  Stiles,  1905. 

C.  Subgenus  Filaria  Mueller,  1787. 

D.  Subgenus  uncertain. 

(a)  Unstriated. 

(b)  Striated. 

(c)  Not  stated. 

(d)  Not  satisfactorily  established  as  occurring'  in  man. 

E.  Collective  group  2licroiilaria.^^ 

F.  Species  eliminated  from  subgenus  Filaria  and  probably  from 
genus  Filaria. 

G.  Collective  group  Agamofilaria. 

H.  Genus  Filocapsularia. 

I.  Species  probably  to  be  eliminated  both  from  Filaria  and  Filariidse. 

J.  Species  definitely  eliminated  from  genus  Filaria  and  also  from 
family  Filariidde. 
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A.  Subgenus  HAMULARIA  Treutler,  1793. 

1793:  Hamularia  Treutler,  1793,  10-13  (m.  lympliatica— equina) . 

1800:  Tentacularia  Zeder,  ISOOa,  5;  Hamularia  renamed.  [Xot  Tentacularia  Bose, 
1797.] 

1840:  Haiilarialu,ee,  1840a,  282;  misprint. 

Hamularia  lympliatica  has  recently  been  identified  with  Filaria 
equina.  The  mouth,  tail,  and  certain  other  characters  of  this  worm 
differ  so  radically  from  Filaria  martis  that  equina  can  scarcely  be 
placed  in  the  typical  subgenus  Filar ia.  It  ma}"  at  present  be  admitted 
to  only  subgeneric  rank  (for  the  sake  of  conservatism),  but  with  the 
statement  that  it  will  probably  soon  be  raised  to  generic  rank.  For 
this  group  the  generic  name  Hamularia  is  at  present  available. 

In  this  connection  it  should  be  stated  that  for  years  authors  were 
not  in  accord  as  to  the  zoological  position  of  Hamularia.  Some  authors 
have  thought  that  the  type  Hamularia  lympliatica  is  identical  with 
Strongylus  longevaginatus  { — 2Ietastrongylus  apri).  Leuckart  first 
thought  it  was  an  Ascaris  mystax  { = Toxocara)^  but  nearly  all  recent 
authors  consider  it  a Filaricu  while  Linstow  (1902,  222)  and  Braun 
(1903,  276)  have  accepted  it  as  identical  with  Filaria  equina.  On 
authority  of  this  latter  interpretation,  Hamularia..  may  be  considered 
as  an  available  name  for  the  subgenus  in  which  Filaria  eequina  is 
placed,  unless  it  be  shown  that  Linstow  and  Braun  are  in  error  in  their 
conclusion.  On  their  authority  I accept  their  synonymy,  and  this 
acceptance  makes  it  obligatory  on  me  to  use  Hamularia  in  this  place. 
The  s}monymy  of  the  species  in  question  is  as  follows: 

FILARIA  EQUINA  ( Abildgaard,  1789)  Blanchard,  1849. 

1781  or  1789:  Gordius  equinus  Abildgaard  (1781),  v.  3,  49,  pi.  109,  fig.  12;  (1789), 
49;  1790,  28. 

1790:  Filaria  equi  Gmelin,  1790a,  3039. 

1793:  Hamularia  lympliatica  Treutler,  1793,  10-13,  pi.  2,  figs.  3-7;  in  Homo,  Europe. 
1802:  joapiZZosa  Rudolphi,  1802a,  2-3. 

1803:  Tentacularia  suheompressa  Zeder,  1803a,  45;  Hamularia  lymphcdica,  1793,  renamed. 
1809:  Hamulana  suheompressa  (Zeder,  1803)  Eudolphi,  1809a,  82-83. 

1810:  Amularia  linfatica  Brera,  1810a,  225-231;  1810b,  pi.  4,  figs.  1-3;  for  Hamularia 
lymphatica  1793. 

1819:  Filaria  hronchialis  Eudolphi,  1819a,  7 (syn.  of  F.  hominis  hronchialis)  [not  F. 

hronchialis  (=  Hetastrongylus)  of  Veterinarian,  1857,  of  calves]. 

1819:  Filana  hominis  hronchialis  Eudolphi,  1819a,  7,  215-216;  Hamularia  lymphatica 
1793,  renamed. 

1823:  .^Ascam Kenned}",  1823a,  107-111;  in  eye  of  horse;  India. 

1840:  Haul  aria  suheompressa  (Zeder,  1803)  Lee,  1840a,  282;  misprint. 

1840:  Filaire  equi  (Gmelin,  1790)  Lee,  1840a,  283;  misprint. 

1849:  Filaria  equina  (Albildgaard,  1789)  Blanchard,  1849a,  154-155,  pi.  6,  fig.  3. 

1851:  Filaria  hominis  Diesing,  1851a,  279,  535,  567;  Hamularia  lymphatica  1793,  re- 
named [not  F.  hominis  for  F.  sanguinis  hominis]. 
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1859:  Filaria  bronchialis  hominis  Gervais  & van  Beneden,  1859b,  145;  Hamularia 
lymphatica  1793,  renamed. 

1860:  Filaria  lymphatica  (Treutler,  1793)  Moquin-Tandon,  1860a,  337. 

1860:  Trichosoma  subcompressa  (Zeder,  1803)  Moquin-Tandon,  1860a,  337,  apparently 
lapsus. 

1876:  fFilana  sariguinis  eqiii^orisYn.0,  (1876). 

1876:  Filaria  bronquialis  hominis  de  Bonis,  1876a,  130,  pi.  2,  fig.  2. 

1879:  Strongylus  {Filaria)  bronchialis  (Rudolphi,  1819)  Cobbold,  1879b,  207-208. 

1894:  Filaria  equie  Fv2in.ciB,  1894a,  451;  misprint  for 

1894:  ? Filaria  pelluckla  (Kennedy,  1823)  Dolley,  1894a,  994  (as  young  of  F.  equina.) 
1896:  Filaria  hamulosa  Schneidemuehl,  1896,  308. 

B.  Subgenus  LOA  Stiles,  1905. 

1905:  Loa  Stiles  in  Stiles  & Hassall,  1905,  Dec.,  150  (m.  loa;  in  man,  Africa). 

The  species  Filaria  loa  differs  so  from  the  other  filarite  of  man,  in 
the  presence  of  bosses  on- the  skin  and  in  the  form  of  the  caudal  papilla? 
that  it  may  well  be  taken  as  the  type  of  a special  siibg-enus.  This 
group  also  will  probably  eventually  prove  to  be  of  generic  value,  as 
Cobbold  has  alreadv  suggested. 

The  loa — FILARIA  LOA  (Cobbold,  1864). 

1812:  Vena  medinensis  oi  Larrey,  1812  (teste  Blanchard,  1899e,  506)  [not  of  Gallandat, 
1773a]. 

1845:  Filaria  lacrymalis  J)u]aTdm,  1845a,  46  [not  Gurlt,  1831a];  Dubini,  1850b,  Mar. 

4,  576;  1850b,  Apr.  20,  21-22;  in  Homo;  not  F.  lacrymalis  Gurlt,  1831,  in 
horse. 

1850:  Filaria  lacidmatts  Dubini,  1850b,  Mar.  4,  577;  for  lacrymalis. 

1859:  Filaria  oculi  Gervais  & Beneden,  1859b,  142-144;  [not  F.  oculi  Siebold,  1839, 
158,  based  on  Ammon,  1838,  figs.  22,  23;  not  F.  oculi  Clarkson,  1845a,  of 
horses;  not  F.  oculi  of  parrots]. 

1860:  Dracunculus  oculi  (Gervais  & Beneden,  1859)  Diesing,  1861a,  697.  [Possibly 
this  combination  was  used  by  Cobbold  at  an  earlier  date.] 

1864:  Dracuncidus  loa  Cobbold,  1864b,  147,  388-389  [the  name  was  probably  used  by 
Cobbold  in  some  earlier  publication] . 

1865:  Filaria  subconjiinctivalis  Guy  on,  1865a,  58--59. 

1866:  Filaria  loa  (Cobbold,  1864)  Aitken,  1866,  881. 

1878:  Filaria  lou  Zool.  Rec.,  v.  13  (1876)  1878,  Verm.,  17;  misprint. 

1891:  Filaria  sanguinis  hominis  major  iSlanson,  1891,  Jan.  3,  4;  sheathed  diurnal  larva 
in  blood. 

1891:  Filaria  diurna  lUanson,  1891,  Aug.  26,  203  (larval  form  in  blood  of  Homo  in 
Africa). 

1891:  Filaria  sanguinis  hominis  diurna  Manson,  1891,  Aug.  26,  202. 

1900:  Filaria  sanguinis  cliurna  lAn^iiovr , 1900,  76. 

1901:  jPiYarm  Zao  Vaullegeard,  1901,  128;  misprint  for  Zoa. 

1904:  Filaria  bourgii  Brumpt,  1904,  — (larval  form  in  blood). 

1905:  Draconculus  oculi  (Gervais  & Beneden,  1859)  Penel,  1905,  67;  misprint. 

1905:  Draconculus  loa  (Cobbold,  1864)  Penel,  1905,  67;  misprint. 

1905:  Filaria  conjonctivcdis  Vono\,  1905,  67;  misprint. 

1905:  Filaria  bourgi  Penel,  1905,  75,  82;  for  bourgii. 

1906:  Microfilaria  diurna  (Manson,  1891)  Shipley  & Fearnsides,  1906,  18. 
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C.  Subgenus  FILARIA  Mueller,  1787. 

For  synonymj"  see  p.  36. 

Some  species  of  Fllaria  are  described  as  possessing  a transverse 
striation,  others  as  without  such  striation.  A difference  of  this  kind, 
if  constant  in  the  species  in  question,  would  probably  represent  at 
least  a subgeneric,  possibly  a generic  character — that  is,  assuming 
the  striation  to  be  distinct,  as  we  find  it  in  certain  other  groups  of 
Xematoda.  The  exact  nature  of  the  striation  reported  for  some  of 
the  Filariidde,  may  well  be  restudied,  however,  for  it  does  not  seem  to 
be  excluded  that  at  least  in  some  cases  a pseudostriation  may  perhaps 
have  been  erroneously  interpreted  as  a true  striation.  According  to 
Alessandrini,  Milana  martis  (the  generic  type)  is  not  transverse!}" 
striated.  Fntil  this  species  is  restudied  it  can  not  be  positively 
stated  which  other  species  of  Filaria  should  be  placed  in  the  typical 
subgenus,  and  while  it  is  possible  that  some  of  the  forms  which  are 
found  in  man  may  belong  here,  this  point  may  well  be  left  open  until 
the  generic  type  is  better  understood. 

D.  Subgenus  uncertain. 

Until  Filaria  martis  is  restudied,  in  order  to  determine  the  characters 
of  the  typical  subgenus,  the  exact  systematic  subgeneric  position  of 
the  folloAving  parasites  of  man  (and  also  of  nearly  all  the  other  species 
of  Filaria  reported  for  different  animals)  remains  sub  judice. 

(a)  Species  reported  as  not  possessing  a transverse  striation  on  the 
cuticle: 


Bancroft’s  Filaria — FILARIA  BANCROFTI  Cobbold,  1877. 

1872:  Filaria  sanguinis  hominis  ~Lancet,  London,  1872,  Aug.  31,  310;  based  on  Lewis’s 
work;  Busk  responsible  for  generic  determination;  larval  form,  in  blood  of 
Homo;  Calcutta. — Manson,  1891,  Jan.  3,  4,  restricted  to  nocturnal  sheathed 
larva  in  blood. 

1874:  Filaria  sanguinis  Jwminis  asggptiaca  Son^ino,  (1874). 

1875:  Filariose  dermathemica  Silva  Araujo,  1875;  da  Silva  Lima,  1877,  Sept.,  389; 
apparent!}"  as  name  of  disease;  for  craw-craw  in  Bahia — Cobbold,  1878b, 
362,365,  apparently  as  name  of  parasite,  in  synonymy  of  F.  hancrofti. 

1875:  Filaria  dermathemica  Xrsiu]o,  1875,  39-86;  \i\  Homo,  Brazil. 

1877:  Filaria  hancrofti  Cobbold,  1877g,  July  14,  70-71;  adult,  \n  Homo,  Queensland, 
Australia. 

1877:  Filaria  wuchereri  lAm2i,  1877,  Sept.,  395. 

1877:  Wuchereria  filaria  Silva  Araujo,  1877,  Nov.,  492-504;  possibly  lapsus  for  Filaria 
wuchereria,  or  possibly  as  new  name. 

1877:  Filaria  wuchereria  FeVicio  dos  Santos,  1877,  Mar.,  137;  1877,  Dec.,  539;  same  as 
F.  u'uchereri;  in  elephantiasis  of  scrotum;  Bio  de  Janeiro. 

1877:  Filaria  vuchereira  Magalhaes  in  Silva  Lima,  1877,  Dec.,  544. 

1877:  Filariu  sanguinis  hominis  Magalhaes,  in  Silva  Lima,  1877,  Dec.,  544;  misprint. 

1878:  Filaria  sanguinis  Beneden,  1878a,  276;  of  man;  not  F.  sanguinis  of  dogs,  of 
frogs,  and  of  other  animals. 
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187S:  Filarla  mngidnolenta  Brit.  M.  J.,  teste  Cobbold,  lS7Sc,  366;  of  man,  not  of  dogs. 
1S7S:  FUaria  sanguinis  hominis  egyptiaca  Bonrel-Bonciere,  lS78a,  122;  for  F.  s.  h. 
xgyptiaca. 

1879:  FUaria  u'ucherii  1879b,  189;  ior  imchereri. 

1879:  FUaria  dermithemica  Banner,  1879b,  189;  misprint. 

1879:  FUaria  hancroflii  Bayrer,  1879b,  189;  for  hancrojti. 

1883:  FUaria  banl'rofti  ^rauTL,  1883a,  183;  tor  hancrofti. 

1883:  FUaria  segyptiacd  (Sonsino,  1874)  Braun,  1883a,  183. 

1883:  FUaria  sanguinis  hiunani  La  Clinica  de  Malaga,  1883,  309. 

1884:  FUaria  sanguinis  fiominis  ( Lancet,  1877)  Calmette,  1884a,  456;  misprint. 

1885:  FUaria  sanguinis  horninurn  Hall,  1885a,  40,  for  F.  s.  fiominis. 

1889:  FUaria  fiominis — Author? — , 1889,  for  F.  sanguinis  fiominis. 

1889:  FUaria  sanguis  fiominis  Gw  Jim,  1889a,  43-47;  ioT  F.  .saiiguinis  fiorninis. 

1891:  FUaria  nocturna  Manson,  1891,  Aug.  26,  204;  larva  in  blood. 

1891:  FUaria  sanguinis  Jiominis  nocturna  Manson,  1891,  Aug.  26,  201. 

1892:  FUaria  sanguinis  Manson,  1892,  79;  for  F.  sanguinis  fiominis. 

1893:  FUaria  cystica  (Salisbury,  1868)  Railliet,  1893a,  515,  in  part  only;  not  F.  cystica 
Rudolphi,  1819a. 

1896:  Trichina  sanguinis  fiominis  nocturna  (Manson,  1891)  Huber,  1896a.  6<>1;  lapsus 
for  FUaria  s.  h.  n. 

1896:  FUaria  rnansoni  Huber,  1896a,  604;  not  F.  mansoni  Cobbold,  1879b,  of  chickens. 
1896:  FUaria  sanguinis  fiominis  nocturnse  Henry,  lS96g,  669,  for  F.  s.  fi.  nocturna. 
1901:  FUaria  sanguinis  nocturna  Vickery,  1901,  June  15,  206,  for  F.  s.  h.  nocturna. 
1903:  FUaria  sanguinis  hominis  nocturnis  Johnstone,  1903a,  31—42,  for  F.  s.  h.  nocturna. 
1905:  FUaria  dermaternica  Penel,  1905,  11,  13;  for  dermathemica. 

1906:  ^[icroiilaria  nocturna  (Manson,  1891)  Shipley  A Beamsides,  1906,  17. 

? : FUaria  sanguinis  hominis^  hancrofti. 

Vernacular  names:  Vers  de  la  Guadelouj^e,  Vers  de  Bresil,  the  htematozoon,  Lewis’s 
lilaria,  Chinese  filaria,  Mucherer's  filaria. 

In  the  foregoing  synonymy  I have  included  the  names  which  are 
usually  supposed  to  apply  to  the  species  in  que.stion.  It  may  be 
pointed  out.  however,  that  the  possibility  is  not  entirely  excluded 
that  some  of  the.  names  really  apply  to  distinct  subspecies,  or  possibly 
to  distinct  species.  Is,  for  instance,  the  true  F.  hancrofti  (type  local- 
ity Australia)  really  identical  with  the  Egyptian  and  the  Brazilian 
worms  which  are  usually  classified  in  this  species  ( This  point  needs 
further  study. 

In  connection  with  the  forms  in  question  the  names  Filariose. 
Fuchereria.  and  2IicrofJaria  (see  p.  46)  come  up  for  consideration  in 
case  F.  hancrofti  eventually  proves  to  be  generically  or  subgenerically 
distinct  from  F,  rnartU.  As  I interpret  these  names.  Filariose  was 
originally  used  as  technical  term  for  the  disease,  and  it  was  later  mis- 
quoted as  a generic  name.  I rather  doubt  whether  this  would  be 
available  as  generic  name  from  the  date  of  its  misquotation.  ^Vachereria 
might  be  interpreted  as  a true  generic  name,  although  the  possibility 
is  not  excluded  that  it  was  only  used  accidentally  as  such.  2RcrofJaria 
seems  to  have  been  proposed  distinctly  as  a collective  name  for  the 
embrvonic  or  larval  stage  and  does  not.  I believe,  have  anv  right  to 
priority  as  a true  generic  name.  There  is,  however,  some  legitimate 
room  for  a difierence  of  opinion  on  these  points. 
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FILARIA  PERSIANS  Manson,  1891. 

1S91:  FUaria  sanguinis  hominis  minor  Manson,  1891,  Jan.  3,4;  larva  in  blood  of  ^omo; 
no  sheath,  no  periodicity.  Quadrinominal  used  for  a ‘‘distinct  species,*’ 
hence  it  has  no  nomenclatui'al  status  and  does  not  therefore  take  precedence 
over  Filaria  j:)ersians. 

1891:  Filaria  perstans  Manson,  1891,  Aug.  26,  203;  larva  in  blood  of  Homo  from  Africa. 
1891:  Filaria  sanguinis  hominis  jjerstans  Hanson,  1891,  Aug.  26,  202;  1892,  79. 

1892:  Filaria  perstams  Hanson,  1892,  85;  misprint. 

1902:  Filaria  sanguinis  jjerstans  Fagge  A Pye  Smith,  1902,  474. 

(b)  Species  which  are  reported  as  possessing  transverse  striatioDs  on 
the  cuticle: 

1 FILARIA  BANCROFTI. 

See  p.  43.  Some  authors  report  tran.sverse  striations  for  this  species. 


FILARIA  conjunctiva;  Addario,  1885. 

1823:  fAscaris  jtfUucidus.  .See  also  p.  41. 

1867:  f Filaria  jmlpebralis  Pace  (1867),  in  Homo;  not  AVilsoii,  1844,  of  horses. 

1879:  Filaria  peritonei  hominis  Bahes,  1879a,  554;  in  Homo;  Budapest. 

1880:  Filaria  2)€ritona:i  hominis  Ba\:>os,  lS80a,  158-165,  for  F.  pieritonei  hominis. 

1885:  Filaria  conjunctivie  Addario,  1885,  135-148,  figs.  1-8;  in  Homo;  Catania,  Italy. 

1887:  Filaria  inermis  Grassi,  ISSTg,  617-623,  dgs.  l-o;  F.  conjunctivai  1SS3.  renamed. 

1892:  Filaria  apapillocephala  Condorelli-Francaviglia,  1892e,  168-179. 

1894:  f Filaria  pellucida.  See  also  p.  42. 

1899:  Filaria  conjunctirce  Assenoxa,  1899,  50,  110,  103;  misprint. 

1905:  Filaria  conjonctivx  Penel,  1905,  8;  misprint. 

Magalhaes's  Filaria — FILARIA  MAGALHAESI  Blanchard,  1895. 

1887:  ' ^ Filaria  bancroft.i  ” of  Magalhaes,  1887, 126-219,  misdetermined;  heart  oiHomo; 
Rio  de  Janeiro,  Brazil. 

1892:  Filaria  sanguinis  hominis  of  Magalhaes,  1892,  7.  C>ct.,  513,  fig.  2,  not  F.  s.  h.  of 
F.  hancrofti. 

1895:  Filaria  magalhaesi  Blanchard,  1895,  771,  782-783,  based  on  Magalhaes,  1887, 
126-219. 

1897:  Filaria  megalhaesi  Hanson,  1897,  Dec.  25,  1837;  misprint. 

1898:  Filaria  magalhaes  Daniels,  1898a,  1012;  misprint. 

1901:  Filaria  magalhaesi  Annett,  Dutton  & Elliott,  1901,  Sept.,  pt.  2, 43,  47, 49. 

1901:  Filaria  rnegalhdsi  Manson,  1901,  562;  misprint. 

1903:  Filaria  magalhaesi  Manson,  1903,  3 ed.,  546,  604. 

1903:  Filaria  megalhaes  Baniels,  1903,  121;  misprint. 

1905:  Filaria  inagalhesi  Penel,  1905,  113;  misprint. 

FILARIA  VOLVULUS  Leuckart.  1892. 

1892:  Filaria  volvulas  Leuckart,  in  Manson,  1892,  88;  evidently  misprint  for  volvulus. 
1893:  Filaria  volnilxus  Leuckart,  in  Manson,  1893,  963;  evidently  a typographical 
error  for  F.  volvulus. 

1893:  Filaria  volvulus  Leuckart,  in  Manson,  1893,  963,  corrected  form  of  F.  volvulxus; 
in  Homo;  Gold  Coast,  Africa. 
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(c)  Transverse  striation  neither  affirmed  or  denied: 

Demarquay’s  Filaria — FILARIA  DEMARQ,ITAYI  Manson,  1897. 

1897:  Filaria  demarquayi  ^laiison,  1897,  Dec.  25,  1837-1838;  in  Homo;  8t.  Vincent. 
1897:  Filaria  ozzardi  Manson,  1897,  Dec.  25,  1838  (in  part,  namely,  sharp  tailed 
form). — Blanchard,  1905a,  537. 

1899:  Filaria  demarquaii  Galgey,  1899a,  145-146;  for  demarquayi. 

1905:  Filaria  demarquagi  Penel,  1905,  92;  misprint. 

1905:  Filaria  dernarquii  Linstow  in  Lo^Y,  1905d,  39. 

Ozzard’s  Filaria— FILARIA  OZZARDI  Manson,  1897. 

1897:  Filaria  ozzardi  Manson,  1897,  Dec.  25,  1838,  figs.  5-6;  in  Homo;  British  Guiana. 
1902:  Filaria  ozzardii  Daniels,  1902,  Dec.  1,  358;  for  ozzardi. 

(d)  In ot  satisfactorily  established  as  occurring-  in  man: 

The  crnel  filaria— FILARIA  IMMITIS  Leidy,  1856. 

1850:  Filaria  canis  cordis  Leidy,  1850f,  118  (in  heart  of  Canis  familiar  is;  U.  S.  A.); 

1856a,  2;  1856b,  55;  1880b;  1904a,  40,  101,  157. 

1852:  Filaria  papillosa  hxmatica  canis  domestici  Gmby  & Delafond  (1852). 

1856:  Filaria  immitis  , 1856b,  55;  1880b;  1904a,  101,  157;  F.  canis  cordis  named 
binominally. 

i860:  Filaria  papillosa  hrematica  Schneider,  1866a,  87. 

1875:  Filaria  Jifcmatica  Ercolani,  1875e,  38. — Galeb  & Ponrquier,  1877a,  271-273  (con- 
genital case  in  dog);  1877b,  95;  1877c,  127-129;  1877f,  352. 

1875:  Spiroptera  nnrnitis  (Feidy,  1856)  Ercolani,  1875e,  38. 

1877:  Filaria  emcdica  Galeb  & Pourquier,  1877d,  140-141  (for  F.  hxmatica). 

1879:  Filaria  iminitis  Fay IQV,  1879b,  222;  misprint. 

1886:  Filaria  sanguinis  immitis  \ oi.  J.,  1886,  230. 

1896:  Filciria  g)apillosalixmatika^(ihi\QidQm\iQh\,  1896,  307. 

1897 : Filaria  p>apillosa  ematica  Giuseppi,  1897a,  185. 

1902:  Filaria  inmitis  Fariicds,  1902,  47;  misprint. 

1904:  Filaria  immilis  F^idy , 157;  misprint. 

: Filaria  canina. 

r±:.  Collecti\'e  group  IVnCIriOFIL,A-TiI-A.  ” — I^arA^al  filaria  in  tlie 

"bloocl. 

The  following  species  of  ^''FilaricC^  have  been  based  upon  larval 
forms  found  in  the  blood  of  man.  It  is  impossible  to  place  them  sub- 
genericalh"  until  the  adult  stage  is  studied.  The  name  ^licrojilaria 
appears  to  me  to  have  the  status  of  a collective  group  rather  than  a 
generic  status.  It  refers  to  microscopic  larval  or  embryonic  hlarite 
found  in  the  blood. 

FILARIA  PHILIPPINENSIS  Ashburn  & Craig,  1906. 

1906:  Filaria philippinensis  Ashburn  & Craig,  1906,  Sept.,  43.5-443,  figs.  1-5,  in  blood 
of  Homo,  at  Manila,  P.  I.,  day  and  night,  sheath  present;  1906,  Sept.  8,  514. 

FILARIA  POWELLI  Penel,  1905,  species  dnbia. 

1905:  Filaria  poiuelli  Penel,  1905,  126,  based  on  Powell,  1903,  May  16,  1145  [Homo; 
Bombay,  India). — Blanchard,  1905a,  538. 

1905;  Filaria  povelliV^nQl.,  1905,  10,  ioi  F.  powelli. 
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FILARIA  sp.  Cholodkowsky,  1896. 

1896:  Filaria  sp,  Cliolodkowsky,  1906,  59;  1907,  185. — Braun,  1903,  3 ed.,  278;  in 
Homo;  Tver. 

filaria  sp.  O’Neill,  1875. 

1875:  Filaria  sp.  O’Neill,  1875,  Feb.  20,  265-266,  fig.  1 (in  Homo,  cases  of  craw-craw; 
West  Coast  of  Africa);  1875,  229;  1898,  204. — Braun,  1883a,  182. — Cobbold, 
1878h,  370. 

FILARIA  sp.  Prout,  1902. 

1902:  Filaria  sp.  Prout,  1902,  Sept.  20,  880;  in  blood  of  Homo,  in  Freetown,  Sierra 
Leone,  West  Africa;  1902,  Oct.  15,  318. 

F.  Species  to  Be  eliinioatecl  fi’oiii 

The  following-  species  should  doubtless  be  eliminated  from  Filaria 
{Filaria).,  but  their  exact  generic  and-  subfamily  position  is  sulj  judice: 

(FILARIA?)  LABIALIS  Pane,  1864. 

1864:  Filaria  labialis.  Pane,  (1864),  32-34  {in  Homo;  Naples,  Italy).— Addario,  1885, 
143. — Anders,  1903,  1258. — Annett,  Dutton  & Elliott,  1901,  1,  4. — Assenova, 
1899,  50,  52-53,  102,  120. — Beneden,  1878a,  278. — Blanchard,  1890a,  14-15, 
fig.  391;  1895,  785.— de  Bonis,  1882,  123.— Braun,  1883a,  182;  1895,  227;  1903, 
3ed.,  275-276. — Cobbold,  1879b,  207. — Davaine,  1877a,  cvii. — Dunglison, 
1893a,  440. — Huber,  1896,  501. — Ijima,  1889b,  345. — Leuckart,  1876,  616-618, 
fig.  307. — Moniez,  1896,  359-360. — Hosier  & Peiper,  1894,  218-219. — Packard, 
518. — Penel,  1905,  8. — Stoss.,  1897,  31. — Tyson,  1903,  1197. — Vaullegeard, 
1901,  124.— Vogt,  1878,  11,  13.— Ward,  1895,  331;  1903,  212;  1903,  704.— 
Wood  & Fitz,  1897,  342. 

The  position  of  the  vulva,  if  correctly"  interpreted,  excludes  this  worm 
from  the  genus  Filaria. 

( FILARIA  ■?)  KILIMARa:  Kolb,  1898. 

1898:  Filaria  kilimaree,  Ivolb,  1898a,  Feb.,  28-33  (in  Homo,  etc.;  Kilimara,  British 
East  Africa);  1898b,  633-634;  1898c,  300. — Braun,  1903,  3.  ed.,  277-278. — 
Looss,  1905,  180. — Penel,  1905,  8. — Ward,  1903,  704. 

(FILARIA  1)  ROMANORUM  ORIENTALIS  Sarcini,  1888. 

1888:  Filaria  romanorum  orientalis  Sarcini,  1888,  Feb.  12,  222  (in  blood  of  Homo  sap- 
iens; Poumania). — Blanchard,  1895b,  168-169  (nature  very  problematic); 
1895,  786. — Braun,  1903,  3.  ed.,  277. — Ward,  1903,  215;  1903,  704. 

Gr.  Colleoti^-e  gx-oiap  Stiles,  LOOT. 

As  stated  on  p.  10  1 propose  to  use  the  term  Agamojilaria  as  name 
of  a collective  group,  in  which  ma}"  be  placed  the  agamic  or  immature 
filarial  worms  which  can  not  at  present  be  more  definitely  classified. 
The  following  forms  come  into  consideration  in  connection  with  the 
parasites  of  man. 
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AGAMOFILAKIA  GEOKGIANA  Stiles,  190T. 

See  p.  11  of  this  bulletin. 

(AGAMOFILAKIA?)  OCULI  (Siebold,  1839)  Stiles,  1907,  species  dubia. 

1832:  Nordmann,  1832,  7-8;  in  Homo;  Berlin,  Germany;  1843, 67. 

1839:  Filaria  oculi  Siebold,  1839,  158,  based  on  Ammon,  1838,  figs.  22,  23,  in  Homo; 
not  F.  oculi  Clarkson,  1845a,  of  horses;  not  F.  oculi  of  parrots;  not  F.  oculi 
Gervais  & Beneden,  1859,  see  F.  loa. 

1851:  Filaria  lentis  Diesing,  1851a,  265;  binominal  for  F.  oculi  humani. 

1880:  Filaria  oculis  Chiralt,  1880a,  2-9,  Ifig. ; 1882a,  473-480. 

1896:  Filaria  okuli  humani  Schneidemnehl,  1896,  304. 

1901:  Filaria  oculi  hominisF anWQgQardi,  1901,129. 

Diesing’s  (1851)  specific  name  lentis  is  usually  adopted  for  this  spe- 
cies, but  so  far  as  I can  find,  oculi^  1839,  is  the  first  available  name. 

H.  Greiaus  Deslongclaa-ixips,  1834. 

1824:  Filocapsularia  Deslongcliamps,  1824q,  398-400  (m.  communis  Deslongchamps, 
1824q,  399-400,  a sj^ecies  which  includes  a number  of  jmeviously  named 
species). 

One  alleged  parasite  of  man  (namely,  Sjnrojjtera  liominis  — Filaria 
pisciurn)  should  apparently  be  classified  in  this  genus.  The  exact 
position  of  the  genus  is  uncertain. 

“SPIROPTERA  HOMINIS”  Rudolphi,  1819. 

1809:  Filaria  pisciuni  Eudolphi,  1809a,  74-75. — Meissner,  1863,  55. 

1819:  Spiroptera  hoinmis  Rudolphi,  1819a,  27,  250-253  (in  Homo,  female:  London). — 
Beneden,  1878a,  279  (sym.  of  Filaria  piscium). — Gervais  & van  Beneden, 
1859a,  146-147. — Gues,  1879a,  181. — Meissner,  1863,  55  (syn.  of  Filaria 
piscium). 

1824:  Filocapsularia  communis  Deslongchamps,  1824q,  399-400;  in  fish, 

1825:  Spiroptera  rudolphi  6.e\\e,  Chiaje,  1825,  7-8,  pi.  1,  fig.  3;  S.  hominis  renamed. 
1825:  Spiroptera  rudolpMana  delle  Chiaje,  1825a  7,  apparently  intended  as  Italian 
for  S.  rudol2)hi,  but  accepted  by  some  later  authors  (as  Blanchard,  1889d, 
706)  as  a Latin  name. 

1851:  Agamonema  commune  (Deslongchamps,  1824)  Diesing,  1851a,  120-121;  in  fish. 
1851:  Strongylus  gigas  pullus  Diesing,  1851a,  223  (refers  to  Bremser,  1819a,  226,  pi.  4, 
figs.  6-10),  as  syn.  of  Spiroptera  hominis. 

1851:  Spiroptera  rudolphii  Diesing,  1851a,  223  (for  S.  rudolphi)  as  syn.  of  Sp.  hominis. 

This  was  a spurious  parasite.  It  was  afterwards  shown  to  be  Filaria 
piscium^  a species  which  is  classified  as  Filocapsularia  communis  or 
Agam  onema  piscium. 

I.  Species  pnobaLly  eliixLirLa.ted.  froixi  IT'IIj  and 

The  following  species  can  be  probabh^  eliminated,  not  only  from  the 
genus  Filaria.^  but  also  from  the  family  Filariiddc, 
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(FILARIA?)  HOMINIS  ORIS«Leidy,  1850?  = MERMITHIDa: 

1850:  Filaria  hominis  oris  Leidy,  1850f,  117;  (in  mouth  of  a child;  U.  S.  A.);  1856b; 
1904a,  40,  101  (as  possible  syn.  of  F.  medinensis). — Anders,  1903,  6 ed., 
1258. — Anderson,  1903,  1258. — Annett,  Dutton,  Elliott,  1901,  14. — Beneden, 
1878a,  278. — Blanchard,  1890a,  13-14;  1895,  785. — Braun,  1883a,  182;  1895b, 
227;  1903,  3 ed.,  275. — Cobbold,  1879b,  207. — Dunglison,  1893a,  440. — 

Leuckart,  1876,  617. — Lewis,  1879,  257. — Moniez,  1896,  359. — Packard, , 

518.— Penel,  1895,  8.— Tyson,  1903,  3 ed.,  1198.— Ward,  1895,  330;  1903,704; 
1903,  212. 

Specific  Diagnosis. — Filarial:  “Body,  white,  opaque,  linear,  thread-like;  mouth 
round,  simple;  posterior  extremity  obtuse,  furnished  with  a short,  curved,  epider- 
mal booklet  l-500th  in.  in  length  by  l-2000th  in.  in  diameter  at  base.  Length,  5 
inches  7 lines;  greatest  breadth,  l-66th  in.;  breadth  at  mouth,  l-250th  in.;  at 
posterior  extremity  l-80th  in.” — Leidy,  1850f,  ji.  117. 

Habitat. — Obtained  from  mouth  of  a child. 

Medical  Significance.— At  the  present  time  this  species  is  with- 
out any  medical  significance,  and  from  the  original  description  of  the 
worm  it  is  impossible  to  pass  any  positive  judgment  upon  it  from  a 
zoological  point  of  view.  The  question  naturally  arises,  however, 
whether  this  worm  was  not  in  reality  a hair  worm  (possibly  Mermis)^ 
which  accidentally  gained  access  to  the  mouth,  possibly  through  eating 
an  apple.  On  several  occasions  worms  which  were  found  in  apples 
have  been  sent  to  me;  they  were  probably  parasitic  in  some  insect, 
which  in  turn  was  parasitic  in  an  apple;  they  agree  fairly  well  with 
Leidy’s  original  short  description  of  Filaria  hominis  oris^  and  possess 
the  ‘‘epidermal  booklet”  on  the  end  of  the  tail.  Such  worms  could 
easily  gain  access  to  the  mouth  through  eating  apples. 

Leidy’s  description  does  not  apply  very  well  to  the  genus  Filaria; 
furthermore,  it  would  be  rather  strange  to  find  a true  Filaria^  5 
inches  long,  in  the  mouth.  While  no  positive  opinion  can  be  expressed 
unless  Leidy’s  original  specimen^  can  be  found,  I incline  to  the  view 
that  Filaria  hominis  oris  was  probably  a Mermis.  Such  a worm 
would  probabl}^  be  of  ver}^  slight,  if  of  any,  medical  importance. 

(FILARIA'?)  GIGAS  Prout,  1902,  species  dubia  = ”? Insect  hairs. 

1902:  Filaria  gigas  Prout,  1902,  Sept.  20,  880  {in  Homo',  Moyamba,  Sierra  Leone,  West 
Africa);  1902,  Oct.  15,  318-319;  1905,  Sept.  16,  683. — Blanchard,  1905a, 
538.— Looss,  1905c,  170  (possibly  only  a sheath). — Low,  1905b,  1329-1330 
(probably  insect  hairs). — Manson,  1903,  546,  604. — Penel,  1905,  5,  10,  81, 
125,  141,  147. 

<3^  This  name  is  here  retained  although,  being  a specific  trinominal,  it  has  no  status 
in  nomenclature  as  a specific  name.  Since  however  the  species  is  so  doubtful,  there 
is  no  object  in  giving  to  it  another  name.  As  here  used,  Filaria  hominis  oris  simply 
represents  the  Latin  for  “a  filaria  in  the  mouth  of  man.” 

^Edw.  J.  Nolan,  secretary  of  the  Academy  of  Sciences,  Philadelphia,  informs  me 
that  the  original  specimen  can  not  be  found  in  Philadelphia,  and  that  it  has  probably 
been  destroyed. 


22815— No.  34—07 4 


7 


50 

NEMATOIDEUM  TEACHEALE  Cobbold,  1864. 

1855;  Entozoon  found  in  the  larynx  Eainey,  1855,  370-372,  pi.  17,  1. 

1864;  Filaria  trachealis  Cobbold,  1864b,  333  (based  on  Eainey,  1855,  370;  syn. 
Xematoideum  tracheale,  as  possibly  referable  to  Ascaris  megalocephala  or  E. 
suilla);  1866a,  7;  1867a,  6;  1883w,  513. — Anders,  1903,  6 ed.,  1258.— Blanch- 
ard, 1888a,  740,  741,  fig.  364;  1888r,  39  (‘'perhaps  Strongylus  longevagina- 
tus'^);  1895,  755  (syn.  of  Strongylus  apri.) — Diinglison,  1893a,  821;  1900a, 
821  (or  hronchialis) . — Looss,  1905c,  154  (as  possibly  identical  with  Strongylus 
paradoxus). — Moniez,  1896,  389  (as  possibly  identical  with  spa ra- 

doxuis). — Packard, , 518. — Verrill,  1870,  171. — Ward,  1903,  219  (as  possi- 

bly identical  with  Strongylus  apri). 

1864;  Xematoideum  tracheale  Rainey  A Bristowe,  teste  Cobbold,  1864b,  333  (as  syn. 

of  “?  Filaria  trachealis'^)-,  1866a,  6;  1867a,  6.  [I  can  not  find  where  Rainey  & 
Bristowe  used  this  name.] 

1879;  Filaria  {Xematoideum)  /rac/?eafi’.s  of  Cobbold,  1879b,  207. 

•T.  Species  to  loe  eliixiiixatecl 

The  followino-  species  can  be  definitely  eliminated  from  the  family 
Filariidce : 

AGAMOMERMIS  EESTIEORMIS  (Leidy,  1880)  Stiles.  1907. 

1880:'  Filaria  restifonnis,  Leidy,  1880c,  June  1,  130-132,  figs.  1-2  (in  Homo;  West 
Virginia);  1904a,  157-159,  278. — Blanchard,  1890a,  13,  fig.  390a-b;  1895, 
785. — Braun,  1883a,  184;  1895b,  227;  1903,  3.  ed.,  275. — Ijima,  1889b,  .367. — 
Woniez,  1896,  359. — Penel,  1905,  8. — Stossich,  1897,  78. — Vaullegeard,  1901, 
128.— Ward,  1895,  331;  1903,  704;  1903,  212. 

In  a later  paper  I will  show  that  this  species,  of  which  I have  found 
the  type  specimen,  belongs  to  the  ^lermitMclee. 

“FILARIA  CYSTICA”  (Salisbury,  1868)  = OXYTJRIS  VERMICTTLARIS. 

1868;  Trichina  cystica  Salisbury,  1868,  April,  376-377,  figs.  29-31;  in  bladder  of  Homo 
(female);  Cleveland,  Ohio,  L.  S.  A. — Blanchard,  1897e,  167  (syn.  of  Filaria 
sanguinis  hominis). — Bourel-Roncicre,  1878a,  116;  1888a,  131. — Cobbold, 
1880e,  58. — Cunningham,  1873a,  83-5-836,  fig.  2 (there  is  reason  to  suspect 
that  this  is  Oxyuris  vermiculans). — Fayrer,  1879b,  189. — Huber,  1896a,  604 
(syn.  of  Filaria  sanguinis  hominis). — Leuckart,  1876a,  637. — Lewis,  1879c, 
247-249,  fig.  1 (does  not  believe  it  is  F.  s.  hominis). — Penel,  1905,  2 ed.,  11, 
12. — Railliet,  1893a,  515  (syn.  of  Filaria  bancrofti). — Ransom,  1904,  25. — da 
Silva  Lima,  1877,  Vov.,  489. — Stiles,  1905,  IV.  29,  682  (syn.  of  Oxyuris  ver- 
micularis) . — Ward,  1895,  320,  321  (syn.  of  Filaria  bancrofti);  1903,  213. 

1868;  Filaria  cystica  (Salisbury,  1868)  Cobbold,  1879b,  202. — Dolley,  1894a,  993 
(syn.  of  Filaria  sanguinis  hominis);  1901,  993. — Linstow,  1900c,  76. — 
Moniez,  1896,  338. — Railliet,  1893a,  515. — Shipley,  1896,  142. — Stiles,  1905, 
lY.  29,  682. 

1879;  Filaria  salisburyii  Cobbold,  1879b,  188;  Trichina  cystica  1868,  renamed. 

1894;  Filaria  salisburyiDoWex,  1894a,  1901a,  994;  ior  salisburyii. 

1896;  Trichina  cystil'a  Schneidemuehl,  1896,  306;  for  cystica;  as  syn.  of  Filaria  san- 
guinis hominis. 

There  can  be  scarcely  any  reasonable  doubt  reo-ardino-  the  identity 

f,  X.  ” o 

of  this  form  with  the  common  pinworm.  (Jxyuris  ( Oxyurias)  verinicu- 

laris,  of  man. 
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FILARIA  NIELLYI  (Blanchard,  1885)  Moniez,  1889=RHABDITIS  NIELLYI. 

1882:  ^^Anguillula  leptoderaT’  Xielly,  1882,  16  April,  895-405;  in  Homo,  near  Brest; 
1882,  Mai,  337-345,  figs.  1-3. 

1885:  Leptodera  niellyi  Blanchard  (1885), based  on  Nielly,  1882,  337-345,  figs. 

1-3.  [Original  publication  not  found.] 

1888:  Bhabditis  niellyi  (Blanchard  1885)  Blanchard  (1888).  [Original  publication 
not  found.] 

1889:  Filar ia  niellyi  (Blanchard  1885)  Moniez,  1889,  192. 

FILARIA  ZEBRA  Mongrand,  1852,  species  fictitia. 

1852:  Filaria  zebra  Mongrand  1852,  Feb.  1,  63-64  (in  vena  saphena  interna  of  a 
convict.  Homo,  at  Brest). — Blanchard,  1889d,  706. — Moquin-Tandon,  1860, 
388. 

This  spurious  parasite,  described  by  ]\longrand,  has  been  recognized 
by  Davaine  & Robin  as  a fibrinous  clot. 
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THREE  NEW  AMERICAN  CASES  OE  INEECTION  OE  MAN  WITH  HORSE-HAIR 
WORMS  (SPECIES  PARAGORDIUS  VARIUS),  WITH  SUMMARY 
OE  ALL  CASES  REPORTED  TO  DATE. 


By  Ch.  Wardell  Stiles,  Ph,  D., 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  U.  S.  Public  Health  and  Manne- 

Hospital  Service. 

(Figs.  35-55.) 


There  is  a popular  belief,  extending  back  for  centuries,  that  horse- 
hair worms  ^Gordiidde)^  if  swallowed  bj  man  or  animals,  wdll  cause 
very  serious,  even  fatal,  disease;  but  the  actual  cases  of  such  infections 
thus  far  definitely  recorded  in  medical  and  zoological  literature  are  but 
few  in  number;  and  medical  men  who  have  reported  cases  do  not  share 
the  belief  of  the  laity  relative  to  the  supposed  dangerous  character  of 
these  worms. 

In  recent  3^ears  I have  had  specimens  from  two  such  cases  referred 
to  me  for  identification,  and  have  seen  another  specimen  from  an  unpub- 
lished case,  and  this  has  led  me  to  consult  the  original  references  of  all 
reported  cases,  so  far  as  the  literature  is  accessible  to  me. 

The  worm.s  in  question  belong  to  the  Gordiacea^  a group  of  worms 
classified  by  some  authors  as  a family  of  nematodes,  b}"  others  as  a dis- 
tinct order  of  the  NematKelmintlies.  Their  general  relations  to  the 
other  round  worms  may  be  seen  from  the  following  key: 

KEY  TO  THE  ORDERS  OF  NEMATHELMIXTHES. 

[For  forms  known  to  occur  in  man  in  the  United  States,  follow  roman  tj’pe.] 

1.  Anterior  end  provided  with  a proboscis,  armed  with  several  rows  of  thorns  or  hooks; 

intestine  absent;  adults  parasitic  in  intestine;  very  rare  in  man;  thorn-headed 

ivorms Acanthocephala 

Anterior  end  not  provided  with  a thorny  proboscis;  intestine  present,  complete 
or  in  part  rudimentary 2 

2.  Intestinal  canal  of  adult  usually  complete,  but  in  some  cases  {Mermithidx)  repre- 

sented by  esophagus  and  rudimentary  intestine;  papillae  on  head;  spicules 
usually  present  in  male;  one  testicle  present  in  male;  vulva  always  inde- 
pendent of  anus  except  in  Cloacina;  most  round  worm  parasites  of  man  belong 

here *. Nematoda 

Intestinal  canal  always  atrophied  anteriorly  in  adult;  head  without  papillae;  spic- 
ules never  present  in  male;  two  testicles  present  in  male;  vulva  always  united 
with  posterior  portion  of  intestine  to  form  a cloaca;  rare  in  man  and  then  only 
as  accidental  parasites;  horse-hair  worms Gordiacea 

(53) 
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The  technical  name  Gordiacea  is  based  upon  the  name  of  the  type 
genus  Gordius^  and  this  in  turn  is  taken  from  the  fact  that  the  worms 
have  a habit,  when  in  water,  of  entangling  themselves,  several  together, 
into  an  inextricable  mass,  thus  recalling  the  '‘Gordian  knot.” 

The  popular  name  “horse-hair  worm”  is  taken  from  the  popular, 
though  of  course  erroneous,  idea  that  these  worms  develop  from  horse 
hairs.  In  reality,  the  larval  stages  are  parasitic,  chiefly  in  insgcts, 
while  normally  the  adults  are  free  living. 

It  occasionally  occurs  that  these  worms  are  vomited  by  man  or  that 
they  are  passed  in  the  stools.  Authors  are  not  agreed  as  to  the  method 
of  infection.  Some  writers  are  of  the  opinion  that  the  larval  worm  is 
swallowed  and  then  develops  further  in  man,  while  other  writers  hold 
that  the  adults  are  accidentally  swallowed  while  a person  is  drinking 
at  a fountain  or  brook. 

The  following  is  a tabular  statement  of  15  cases  which  I have  been 
able  to  find  recorded,  together  with  three  new  cases: 
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From  this  table  we  may  classifv  the  18  cases  as  follows: 

By  species  of  parasite:  Gordius  aquaticus,  1 cases;  Paragordius 
varius^  1 cases;  P.  tricuspidadus.  1 case:  P.  cmctus,  1 case;  Parachor- 
dodes  tolosanus.  3 cases:  P.  pv.stidosus.  1 case;  P.  idoJaceus,  1 case; 
P.  odpestris,  1 case;  not  stated.  2 cases. 

By  countries:  Europe — Austria.  1 case:  France.  5 cases;  Germany, 
1 case:  Italy,  1 cases.  North  America — 6 cases  (1  each  for  Canada. 
Illinois,  Ohio,  Maine,  Maryland,  and  Michigan).  Africa — Transvaal, 
1 case. 

By  sex  of  patient:  Male,  9 cases;  female,  1 cases:  not  stated,  5 
cases. 

By  age  of  patient:  0 to  10  years.  3 cases:  11  to  20  }"ears,  2 cases; 
21  to  30  years.  1 case:  31  to  10  years.  2 cases:  11  to  50  years,  2 cases; 
not  stated.  8 cases  (2  of  which  were  apparently  adults).  Or — 0 to  20 
years.  5 cases:  21  to  1<)  years.  3 cases:  11  to  60  years.  2 cases:  not 
stated.  8 cases.  Kirtland's  case  (’*a  girl")  can  probably  be  counted 
under  21  years,  thus  giving  6 cases  from  0-20. 

The  parasites  escaped:  By  mouth  in  9 cases:  by  anus.  5 cases;  not 
stated.  1 cases. 

Referring  to  the  classification  of  the  parasites  it  may  be  noted  that 
the  family  Gordiidsi  is  divided  by  Camerano  (1898g)  into  the  four 
genera: • Parachordodes,  Poragordiv.s,  and  Gordius,  but 

^lontgomery  (1898)  unites  Parachordodes  with  Gordius.  These 
genera  may  be  distinguished  by  the  following  key,  based  upon  the 
diagnoses  given  bv  Camerano. 

KEY  TO  THE  GEXERA  OF  GORDIID.E. 

(For  forms  known  to  occur  in  man  in  the  United  States,  follow  Roman  type.) 

1.  Ffncf  o f tail  not  lobed 2 

End  of  tail  bilobed 4 

End  of  tail  trilobed Paragordius  varius  (female) 

2.  Cloacal  aperture  ventro-median,  with  rentro-median  groore  extending  from  it  to 

tip  of  tail Chordodes  (male) 

Cloacal  aperture  terminal,  median;  { female) 3 

3.  External  cuticidar  layer,  in  completely  developed  individuals,  is  devoid  of 

areolar  formations Gordius  (female) 

External  cuticidar  layer  with  various  lands  of  areolar  formations,  and  with 

hyaline  clubshaped  processes Chordodes  (female) 

4.  A postcloacal  fold  jjresent  in  form  of  a.  lamina Gordius  (male) 

Xo  postcloacal  fold  present 5 

5.  External  ciiticular  layer  presents  areolar  formations  of  a single  kind,  pro- 

jecting very  little  and  irregularly  disposed;  no  interareolar  refringent 

granules  or  tubercles Paragordius  (male) 

External  cuticidar  layer  less  complica.ted  than  in  Chordodes;  uith  only  one  or 
tvjo  lands  of  areolar  formations;  some  of  these  are  shallow  and  clear,  and  others 
a little  more  elevated  and.  darher  are  around  the  opening  of  minute  canals  which 
traverse  the  cuticidar  layers;  granules  or  refringent  tubercules  frequent 
among  the  areolse Parachordodes  (male) 
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Gi-erL\xs  GrORIDITJS  Liiinaeias,  ITSS. 

1758:  Gordius  Linnsens,  1758a,  644,  647  {aquaticus  and  argillaceus,  Europe;  medinen- 
sis). — Stiles  & Hassall,  1905,  109  {aquaticus  designed  type). 

Species  GORDIUS  AQUATICUS  Linnaeus,  1758. 

1758:  Gordius  aquaticus  Linnaeus,  1758a,  647  (in  argilla  et  aquis;  Europe). 

The  following  four  cases  of  parasitism  in  man  have  been  referred  to 
this  species; 

Case  of  Aldrovandus,  1638a. — Aldrovandus  does  not  appear  to  have  seen  any 
case  himself,  but  he  refers  to  a Seta  or  Vitulus  aquaticus,  which  is  usually  interpreted 
as  Gordius  aquaticus,  as  follows: 

“Such  is  the  strength  of  this  poison,  if  we  credit  the  author  of  De  rerum  natura, 
that  if  taken  in  drink  by  man  he  is  made  faint  and  weak  until  he  dies  in  excruciat- 
ing pain.  Albertus  affirms  the  same  thing,  but  that  it  is  otherwise  innocuous  to  the 
touch.  Helvetius,  the  author  of  Historia  aquatilium,  also  has  seen  persons  dead  of  hav- 
ing drunk  the  Vitidus  aquaticus.  A certain  man,  he  says,  had  pain  around  the  pr?ecordia 
soon  after  having  drunk  this  worm;  then  a certain  woman  gave  to  him  to  drink  a 
decoction  of  Gentiana  centaurium  in  wine.  He  vomited  and  at  once  ejected  the  worm. 
If  the  Vitulus  aquaticus  is  born  in  the  belly  of  any  one,  the  belly  and  stomach  should 
be  rubbed  with  a well-made  mixture  of  equal  parts  of  butter,  wax,  and  oil.  Calves, 
especially  when  full  grown,  swallow  these  worms  sometimes,  especially  in  the  autumn, 
with  vegetation,  more  rarely  with  water.  There  are  those  who  believe  that  they 
[the  worms]  have  their  origin  inBruchus,^  which  does  not  seem  likely  to  me;  others 
[believe  that  they  take  their  origin]  from  vegetation  hanging  down  in  water  troughs 
where  cattle  drink. 

“When  swallowed  they  attach  themselves  around  the  throat  and  arteries  [=wind- 
pipe?] : whence  the  cattle  gradually  waste  away.  ’ ’ 

Case  of  Siebold,  1854. — X.  X.,  22  years  old,  daughter  of  peasants  in  good  circum- 
stances in  Schliersee,  in  Bavarian  Mountains,  of  robust  constitution,  enjoyed  contin- 
ued good  health.  Menstruation  began  in  15th  year,  without  difficulty,  and  never 
became  deranged.  In  J anuary , 1853,  patient  became  ill,  with  the  following  symptoms : 

The  girl,  who  was  always  well  and  red-cheeked,  became  pale;  her  disposition, 
otherwise  gay,  became  changeable,  then  petulant,  soon  deeply  melancholic,  accom- 
panied by  an  inexpressible  fear  of  imaginary  dangers,  with  considerable  unrest  and 
a trembling  of  the  entire  body;  intense  occipital  headache,  occasional  asthmatic 
trouble,  frequent  fits  of  convulsive  laughter,  frequent  sobbing  and  yawning  for  hours 
at  a time,  light  horripilation,  spasmodic  unequal  pulse.  Gastric  symptoms  were  en- 
tirely absent;  there  was  neither  nausea  nor  vomiting,  nor  loss  of  appetite.  Patient 
emphatically  denied  having  consciously  eaten  anything  injurious. 

The  attending  physician  in  Schiersee  treated  her  for  hysteria  with  nervines,  which 
cured  the  trouble  except  for  colicky  pains  in  the  abdomen.  Xine  months  later  the 
trouble  reappeared;  the  same  symptoms  recurred,  but  with  greater  intensity;  the 
trembling  of  the  extremities,  the  feeling  of  fear,  and  the  dyspnea  became  unbearable. 
As  loss  of  appetite  and  tendency  to  vomit  now  developed,  with  heavy  yellowish  coat- 
ing to  the  tongue,  an  emetic  was  administered.  Upon  the  fourth  vomiting  the  Gordius 
appeared,  to  the  great  terror  of  the  patient.  Immediately  thereafter  all  nervous 
symptoms  subsided,  and  the  girl  is  at  present  as  healthy  and  strong  as  formerly. 
Menstruation,  which  had  not  occurred  since  the  first  attack,  also  immediately  became 
regular. 

(^Bruchus  Geoff r.,  1764,  is  acoleopteron,  but  Harper’s  Latin  Dictionary  gives  Bruchus 
as  “ a kind  of  locust  without  wings.” 
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Siebold  is  of  the  opinion  that  the  worm  was  not  swallowed  until  just 
prior  to  the  second  attack,  and  that  the  irritation  caused  by  its  pres- 
ence in  the  stomach  caused  a recurrence  of  the  earlier  h3\sterical 
symptoms.  Blanchard  (1890a,  89),  on  the  other  hand,  thinks  that  the 
worm  may  have  been  swallowed  as  a larva  and  that  it  developed  to  the 
. adult  stage  in  the  patient. 

Case  of  Pateubax,  1875. — Patraban  exhibited  before  the  medical  society  in 
Vienna  a specimen  which  he  determined  as  Gordius  aquaticus,  sent  to  him  by  a col- 
league in  Dalmatia,  Austria,  and  said  to  have  been  passed  in  the  stool  of  a Dalmatian 
boy  8 years  old. 

The  assumption  seemed  justified  that  the  worm  was  actually  passed  from  the  boy, 
because  Patruban,  upon  expressing  doubts  upon  this  point  and  asking  for  further 
information,  received  word  that  a second  such  worm  had  been  passed. 

Opinion  is  expressed  either  that  the  boy  swallowed  a larval  Gordius^ 
which  developed  in  his  intestine  to  the  adult  worm,  or  that  he  swal- 
lowed a developed  worm.  Patruban  believes  the  latter  view  more 
probable.  Blanchard  (1890a,  89),  considering  this  case  in  connection 
with  the  case  of  Siebold,  1854:,  believes  rather  that  the  worm  maj"  have 
been  swallowed  as  a larva  and  developed  in  the  patient. 

i 

Case  of  Cereuti  & Cameraxo,  1888a-b. — In  1875,  in  Trabucco,  Valle  Superiore 
Mosso  (Biellese),  Italy,  a boy  of  7 years  old  manifested  severe  gastralgic  pains,  which 
confined  him  to  bed  for  24  hours,  when  Dr.  Cerruti  was  called.  The  following  day 
' the  child  vomited  abundant  mucus  with  a female  Gordius  villoti  [=  G.  aquaticus^  0.19 
meter  long,  but  without  any  trace  of  food.  Thereupon  the  patient  recovered. 

The  authors  are  of  the  opinion  that  this  was  a case  of  true  para- 
sitism; that  the  boy  had  become  infected  with  the  parasite  in  its 
microscopic,  armed,  stage;  that  this  had  developed  in  the  wall  of  the 
stomach,  then  returned  to  the  lumen  of  the  stomach,  when  it  caused 
the  s^unptoms  observed. 

?Case  of  Cameraxo,  1888f,  397. — Camerano  states  that  Professor  Pavesi  sent  to  him 
a female  Gordius  villoti  \_=G.  aquaticus']  found  at  Brescia,  Italy,  in  December,  1874, 
on  a dissecting  table  near  a human  cadaver.  There  is,  however,  no  evidence  that 
the  worm  came  from  the  cadaver. 

Doubtful  species  GORDIUS  CHILENSIS  E.  Blanchard,  1849. 

1849:  Gordius  chilensis'E.  Blanchard,  1849d,  109  (Valparaiso,  Conception,  etc.,  Chili). 

Oeigixal  specific  diagxosis. — Gordius:  “G.  Gracilis,  cinereofuscus,  obscurus; 
capite  nigro.” 

Type  locality. — Valparaiso,  Conception,  etc.,  Chili. 

Authors  admit  that  this  species  is  too  incomplete!}"  described  to  be 
accepted  at  present.  In  the  original  account  of  the  worm  it  is  stated 
that  the  Indians  fear  it,  believing  that  if  introduced  into  the  body  it 
causes  serious  desease.  No  specific  case  seems,  however,  to  be  reported. 
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I 

! G-eiaus  P^ri^GJ-ORI>ITJS  CamerarLO,  1897'. 

; 1897 : Paragordius  Camerano,  1897g,  368,  399-400  ( tricuspidatus,  emeryi,  stylosus, 

varius). — Montgomery,  1898,  43  (type  mnus). 

' Two  species  of  this  genus  have  been  reported  as  parasitic  in  man, 

I name!}",  P.  varius  in  North  America  and  P.  tricuspidatus^  in  Europe. 

I As  P.  varius  is  the  one  of  greater  interest  to  American  physicians,  its 
j description  is  given  here  in  detail,  based  upon  Montgomery’s  wbrk. 

Species  PAKAGORDIUS  VARIUS  (Leidy,  1851)  Camerano,  1897. 

i (Figs.  35-55.) 

. 1851:  Gordius  varius  ~LQ\&y , 1851,  262  (U.  S.  A.) 

I 1897:  Paragordius  varius  (Leidy,  1851)  Camerano,  1897g,  399,  402. 

Specific  diagnosis. — Paragordius'.  Dimensions.  Length  of  largest  male  seen,  350 
I mm. ; greatest  diameter,  0.9  mm.  Length  of  largest  female,  290  mm. ; greatest  diam- 
[ eter  (of  a flattened  individual ) , 2 mm.  The  males  are  more  slender  and  average 
: considerably  shorter  than  the  females. 


Color:  Color  usually  lighter  in  the  females  than  in  the  males,  varying  from  a light 
brown  or  yellowish  to  a dark  brown  (the  larger  individuals  usually  darker).  The 
tip  of  the  head  is  white  or  a pale  brownish.  Just  behind  there  is  a dark  ring  of 
color,  usually  rusty  brown  or  even  black,  rarely  pale.  This  ring  is  darkest  at  its 
anterior  edge,  and  darker  on  the  dorsal  than  on  the  ventral  side  of  the  body.  At  ‘ 
least  a trace  of  this  ring  is  to  be  seen  on  all  mature  specimens,  though  the  intensity 
of  its  coloration  is  very  variable. 

Especial  diagnostic  characters:  The  trilobation  of  the  posterior  end  of  the  female, 
the  long  and  cylindrical  tail  lobes  of  the  male,  the  oblique  truncation  of  the  head 
end,  and  the  usually  very  dark-colored  ring  around  the  head,  render  this  species 
ve?y  easy  of  identification. 

Cuticle;  On  cross  section  an  outer  thin  hyaline  layer  is  seen,  and  an  inner,  much 
thicker  fibrous  layer.  Embedded  in  the  hyaline  layer  are  small  lozenge-shaped 
bodies,  which  stain  more  deeply  than  any  other  portion  of  the  cuticle,  and  which 
correspond  to  the  areolse  seen  on  surface  views.  The  external  surface  of  the 
hyaline  layer  of  the  cuticle  is  marked  by  short  conoidal  processes  of  the  same 
structure  as  the  hyaline  matrix.  These  are  not  seen  on  surface  views.  On  surface 
views  the  cuticle  appears  areolated.  The  areolse  are  small,  variable  in  size  and 
form,  and  irregularly  arranged.  Sometimes  they  occur  in  groups,  sometimes  in 
interrupted  longitudinal  rows.  Their  arrangement  varies  both  in  different  indi- 
viduals, as  well  as  on  different  portions  of  the  same  individual.  The  areoles  are 


irregularly  polygonal  in  outline.  In  one  female  larger  brown-colored  areoles  were 
present  in  addition  to  the  smaller,  lightly  colored  ones.  The  former  were  mainly 
arranged  in  the  form  of  longitudinal  ridges  and  were  irregularly  star-shaped  in 
outline. 


Figs.  36-38. — Three  views  of  head  of  same.  Enlarged.  Original.  * 

Figs.  39-42.— Four  views  of  head  of  female  P.  varius.  Enlarged.  (After  Montgomery,  1898,  figs.  83a, 
83b,  84-85.)  (The  head  of  my  female  specimen  is  not  suitable  to  illustration,  and  on  this  account 
Montgomery’s  figures  are  taken,  although  they  are  not  entirely  in  harmony  with  my  specimen.) 


Form  of  male:  The  anterior  end  as  in  the  female,  but  the  body  more  slender. 
The  tail  lobes  are  comparatively  long  and  slender,  cylindrical  in  shape,  and  obtusely 
rounded  terminally.  Small  conical  spicules  occur  on  the  medio-ventral  surfaces  of 
the  anterior  half  of  the  lobes,  and  short  hairs  on  their  anterior  surfaces.  The  elon- 
gate cloacal  aperture  lies  in  the  medio-ventral  line  of  the  body,  anterior  to  the  tail 
lobes. 


61 


IrtlJir 


ii\'  • •-•■-■^f-■iV■^i?■c45^^*\ 

\\V  ■ . • ' 


V^/irSth.aJl/  'tMJuirr 
^ tbuJL  £ '■ 


L.^  rVH-DE'R. 


Fiff.  48. 


Figs.  43-45.— Three  yieivs  of  tail  of  male.  Enlarged.  Original. 

Fig.  46. — Ventral  view  of  tail  of  male.  Enlarged.  (After  Montgomery,  1898,  fig.  87.) 
Figs.  47-48.— Dorsal  and  ventral  views  of  tail  of  female.  Enlarged.  Original. 
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Form  of  the  female:  The  anterior  and  posterior  portions  of  the  body  are  narrower 
than  the  middle,  the  decrease  in  diameter  being  very  gradual;  the  anterior  is 
narrower  than  the  posterior  end.  The  head  end  is  obliquely  truncated  in  such  a 
way  that  the  antero-ventral  margin  projects  farther  forward  than  does  the  antero- 


Pa  rsgordius  varios. 
Fig.  49. 


Fig.  53. 


Z<rt>e  jioe^ 

Fig.  50. 


Fig.  52. 


Enlarged.  (After  Montgomery, 
(After  Montgomery,  1898, 


Fig.  49. — Dorsal  view  of  tail  of  female. 

1898,  fig.  88.) 

Fig.  50. — Cross  section  of  same.  Enlarged, 
fig.  80.) 

Fig.  51. — Optical  section  of  the  caudal  end  of  a female  P.  varius,  showing 
anatomy;  x-y,  omitted  portion,  about  10  times  the  length  of  x-z.  En- 
larged. (Reduced  from  Montgomery,  1898,  fig,  86.) 

Figs.  52-53. — Transverse  section  and  surface  view  of  cuticle  of  female.  En- 
larged. (After  Montgomery,  1898,  figs.  9l  a-b.)  , 

Fig.  54. — Surface  view  of  cuticle  of  male.  Enlarged.  (After  Montgomery, 
1898,  fig.  93.) 
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dorsal;  this  truncated  plane,  which  forms  the  terminal  aspect 
of  the  head,  is  very  nearly  flat.  , The  mouth  lies  near  the 
yentral  edge  of  the  truncated  plane.  The  posterior  end  is 
trilobed,  there  being  one  dorso-median  and  two  latero-ventral 
lobes;  these  lobes  have  no  cuticular  spines  on  their  surface, 
and  in  the  great  majority  of  the  numerous  specimens  exam- 
ined are  of  equal  length.  Two  specimens  in  the  Harvard  col- 
lection were  exceptions  to  this  equality  in  length;  in  one  the 
dorsal  lobe  was  slightly  longer  than  the  others,  in  the  other 
slightly  shorter.  But  the  dorsal  lobe  is  narrower  than  the  others,  and  further  differs 
from  the  latter  in  having  an  elevated  median  ridge  on  its  ventral  surface,  so  that 
on  cross  section  it  appears  triradiate.  The  lateral  lobes  are  crescent-shaped  on 
cross  section.  The  cloacal  aperture,  wholly  hidden,  by  these  lobes,  lies  at  their 


Fig.  51. 
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base  and  between  them,  so  that  the  cuticle  and  epidermis  of  the  inner  surface  of 
the  lobes  are  directly  continuous  with  the  cuticle  and  epithelium  of  the  cloaca. 
The  lobes  may  be  either  parallel  or  divergent,  and  hence  are  probably  movable. 

Comparisons:  This  species  has  the  greatest  affinity  to  Paragorclius  tricuspidatus 
(Dufour);  but  it  differs  from  it  in  that  there  are  spicules  or  spines  upon  the 
tail  lobes  of  the  female,  and  in  that  the  dorsal  is  narrower  than  the  lateral  lobes; 
further,  in  P.  varius  the  areoles  of  the  cuticle  are  frequently  arranged  into  rows 
or  groups. 

Geographic  distribution. — North  America  (California,  Canada,  Illinois,  Kansas, 
Maine,  Maryland,  Massachusetts,  New  Jersey,  New  York,  Ohio,  Pennsylvania, 
Virginia);  Guatemala;  and  it  has  also  been  observed  in  Mexico,  Peru  and  Bolivia. 
It  appears  to  have  a very  extensive  range,  and  it  and  G.  aquaticus  robustus  are  the 
most  abundant  forms  in  the  northeastern  portion  of  the  United  States. 


Fig.  55. — 'La.Tva  oi  Paragordius  varius,  with,  extruded  proboscis;  5i.,  blastopore;  c?t.,  cuticle;  dl,  dia- 
phragm; fib.,  fiber  cells;  pZ.,  gland;  gl.  d.,  gland  duct;  glo.,  globules  within  intestine;  h.,  cuticular 
hooks;  hy.,  hypodermis;  in.,  intestine;  mes.,  mesenchym;  mus.,  musclulature;  nv.,  nervous 
thickening  of  hypodermis;  sp.  1 to  sp.  3,  spicules  of  rows  1 to  3;  st.  d.,  dorsal  stilets;  st.  v.,  ventral 
stilets.  (Reduced  from  Montgomery,  1904,  fig.  36.) 

The  following  four  cases  of  infection  with  this  worm  have  been 
found  in  North  America: 

Case  of  Kirtland,  ante  1861. — I have  been  unable  to  find  the  original  account  of 
this  case.  Diesing  (1861a,  604)  refers  to  it  simply  by  the  words  “Ohio  ex  ano 
puelloe  expulsus  (Kirtland),”  and  all  later  authors  seem  to  report  it  on  basis  of  this 
passage. 
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Unpublished  Case  of  Bowditch. — In  my  host  catalogue  of  para- 
sites I have  the  following  entry:  "Gordius  trifurcatus-varius^  deter- 
mined b}"  % , collected  b}"  Doctor  Bowditch.  host  Homo^ 

location  % , locality  Saco,  Maine,  U.  S.  A.,  Cat.  no.  Ill 

Boston  Soc.  Xat.  Hist.’’  .1  have  been  unable  to  obtain  any  further 
details  regarding’  this  case. 

New  Case. — In  Februarv.  1902.  Dr.  AV.  G.  MacCallum,  of  Johns 
Hopkins  Hospital,  forwarded  to  me  for  determination  two  worms 
which  he  had  received  from  Dr.  W.  J.  Stevenson,  London,  Ontario. 
The  label  stated  that  these  specimens  were  passed  in  large  quantities 
from  the  intestine  of  a girl  13  years  old.  Examination  showed  them 
to  be  Paragordius  varius. 

In  a personal  letter  to  me  Doctor  Stevenson  states  that  the  child 
exhibited  no  special  symptoms.  The  worms  were  passed  while  the 
girl  was  sitting  on  a chamber,  and  the  mother  noticed  them  immedi- 
ately. They  seemed  as  stiff  as  wire,  a fact  which  might  give  rise  to 
the  suspicion  that  they  were  dried  and  were  in  the  chamber  before  the 
girl  used  it.  One  week  later  similar  worms  were  again  passed.  The 
mother  thought  that  the  child  had  worms,  because  of  her  picking  her 
nose  and  crying  out  during  sleep.  The  child  was  accustomed  to  eating 
a great  many  apples.  Ao  further  details  are  accessible  to  me. 

Xew  Case. — U.  S.  P.  H.  & M.  H.  S.  specimen  no.  9565  represents 
one  male  and  one  female  specimen  of  Paragordius  rarius^  forwarded 
to  me  by  Dr.  Joseph  L.  Miller,  of  Chicago,  Ilk,  for  determination. 
Doctor  Miller  wrote  : 

I send  you  under  separate  cover  a specimen  which  was  given  to  me  recently  by  a 
physician  who  reported  that  a patient  had  vomited  it. 

Ao  further  data  regarding  this  case  could  be  obtained. 

Species  PARAGORDIUS  TRICUSPIDATUS  (Dufour,  1828')  Camerano,  1897. 

bS28:  Filaria  tricuspidata  Dufour,  1828d,  222-224,  pi.  12c  (in  Gryllus  burdigalensis; 

France) . 

1856:  Gordius  tricusp idatus  (Dufour,  1828)  Meissner,  1856,  55. 

1897:  Faragordius  tricuspidatus  (Dufour,  1828)  Camerano,  1897g,  399,  400. 

The  following  case  of  parasitism  has  been  ascribed  to  this  species. 

Case  of  R.  Blaxchaed,  1897d. — Locality:  Bassac  (Charente),  France.  On  May  1 
a boy  15  years  old,  not  in  the  habit  of  drinking  wine,  had  just  taken  a full  glass, 
when  a few  moments  later  he  felt  in  his  throat  a peculiar  tickling,  similar  to  that 
occasioned  by  the  presence  of  a hair.  He  inserted  his  fingers  and  encountered  a 
sort  of  a thread,  which  he  drew  out.  About  15  days  before  this  occurrence  the  boy 
had  taken  a drink  of  water  from  a small  brook;  since  then  he  had  experienced  a 
slight  colic  which  disappeared  after  the  expulsion  of  the  worm.  This  worm  was 
sent  by  Doctor  Boiteau  to  Paris  and  was  determined  by  Blanchard  as  Gordius 
tricuspidatus. 
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Species  PARAGORDITJS  CINCTTJS  Linstow,  1906. 

1906;  Paragordius  cinctus  JJmstovf , 1906,  245,  fig.  11;  Africa. 

Linstow  records  this  worm  for  man  in  Transvaal,  Lydenburg,  but 
gives  no  details  regarding  the  case.  The  specimen  from  man  was 
found  in  the  collection  of  the  Berlin  Museum. 

I 

Grexxias  I?^R-.A..C^HOR.II)ODIES  Camerano,  1897'. 

1897:  Parachordodes  Camerano,  1897g,  368,  389-.S98  {vejovshyi,  raphaelis,  etc.). — 
Stiles  & Hassall,  1905,  127  {tolosanus  as  type). 

Four  species  of  this  genus  have  been  recorded  as  parasitic  in  man. 

Species  PARACHORDODES  TOLOSANDS  (Dujardin,  1842)  Camerano,  1897. 

1842:  Gordius  tolosanus  T>u]ardin,  1842,  146  (probably  France). 

1897:  Parachordodes  tolosanus  (Dujardin,  1842)  Camerano,  1897g,  389  bis,  398 
(Europe). 

Case  of  Degland,  1823. — The  original  account  of  this  case  is  not  accessible  to  me, 
but  the  following  statements  are  taken  from  various  authors,  chiefly  from  Blanchard, 
1890a,  90: 

Following  the  administration  of  an  emetic,  a boy  of  8 years  of  age  vomited  a worm, 
14  to  16  cm.  in  length,  which  Degland  referred  to  Gordius  aquaticus.”  Villot,  1884, 
88,  however,  believes  that  it  was  a Parachordodes  tolosanus.  From  Blanchard’s 
abstract  of  this  case,  it  is  not  quite  clear  to  me  whether  he  considers  the  case  identical 
with  that  reported  by  Cloquet  (see  below)  or  whether  he  simply  considers  the  para- 
sites as  specifically  identical.  Not  being  able  to  obtain  Degland’s  paper,  I am  unable 
to  settle  this  point  definitely,  but  from  the  fact  that  Blanchard  gives  the  age  of  Deg- 
land’s patient  as  8 years,  while  Cloquet’s  patient  does  not  appear  to  have  been  so 
young,  I give  the  two  cases  here  as  distinct. 

Case  of  Cloquet,  1822a-b. — M.  Baymond  Pontier,  a physician  in  Uzerches,  sent 
the  parasite  in  question  to  Vareliaud,  Paris,  who  gave  it  to  Cloquet  for  determination. 
The  latter  described  it  as  a new  species,  Opldostoma  pouterii  1 822a,  99,  and  Ophiosioma 
ponterii  1822b,  32.  This  is  classified  by  Blanchard  and  by  Bailliet  as  a,  synonym  of 
Gordius  tolosanus. 

The  worm  was  vomited  by  a farmer  near  Uzerches;  he  had  been  subject  to  attacks 
of  epilepsy  for  some  years,  but  these  ceased  permanently  as  soon  as  the  worm  was 
expelled. 

The  worm  was  cylindrical,  9 inches  long  by  half  a line  in  its  greatest  diameter; 
brown  in  color,  finely  annullated  with  clearer  circles;  its  “mouth”  [=tail]  was 
“bilabiate,”  the  under  “lip”  being  longer  than  the  upper. 

Case  of  Fiori,  1881a. — In  April,  1881,  Fiori,  the  attending  physician  at  the  Torino 
jail,  administered  12  grams  of  thymic  acid  to  a male  prisoner  42  years  old  who  was 
affected  with  uncinariasis.  In  the  washings  of  the  first  stool  passed  a long,  brown, 
filiform,  actively  motile  worm  was  found  in  addition  to  the  hook  worms.  This  long 
worm  was  determined  by  Dr.  Daniele  Rosa  as  a male  Gordius  tolosanus  Duj.  seu 
G.  subbifurcus  Siebold.  The  symptoms  noticed  were  in  harmony  with  uncinariasis 
and  could  not  be  definitely  attributed  to  the  Gordius. 

?Case  of  Camerano,  1888f,  397. — Camerano  relates  that  Professor  Pavesi  sent  to 
him  a female  Gordius  tolosanus  found  at  Brescia,  Italy,  December,  1874,  on  a dissect- 
ing table  near  a human  cadaver.  There  is,  however,  no  evidence  that  the  worm 
came  from  the  cadaver. 
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Species  PARACHORDODES  PTJSTULOSTJS  (Baird,  1853)  Camerano,  1897. 

1853:  Gordius  pustulosus  Baird,  1853a,  37;  1853b,  20,  pi.  30,  fig.  4 (in  Blajjs  obtusa; 
London,  England). 

1897:  Parachordodes  pustulosus  (Baird,  1853)  Camerano,  1897g,  389  bis,  396-397 
(Europe;  China). 

One  case  of  infection  has  been  referred  to  this  species. 

Case  of  Paeoxa,  1901. — In  1901  a woman  45  years  of  age,  in  Lodi,  Italy,  passed 
a worm  per  anum ; the  symptoms  had. not  been  severe;  there  was  a frequent  and 
annoying  sensation  of  a moving  body  in  the  abdomen,  with  rectal  and  anal  pruritus, 
and  an  obstinate  catarrhal  discharge  from  the  anus.  These  symptoms  lasted  about 
three  months,  but  suddenly  ceased  after  the  discharge  of  the  worm. 

Species  of  PARACHORDODES  VIOLACEDS  (Baird,  1853  ) Camerano,  1897. 

1853:  Gordius  violaceus  Baird,  1853a,  36;  1853b,  20,  pi.  30,  fig.  3 (in  Carabus  violaceus; 
Bermickshire). 

1897:  Parachordodes  violaceus  (Baird,  1853)  Camerano,  1897g,  289  bis,  392-393  (Europe; 
Transcaucasia). 

One  case  of  infection  has  been  referred  to  this  species. 

Case  of  Topsext,  1900,  86-91. — Topsent  presented  before  the  Societe  scientifique 
et  medicale  de  FOuest,  Bennes,  Erance,  a living  male  specimen  of  Gordius  violaceus, 
which  had  been  vomited,  February  22, 1900,  by  a farmer,  34  years  old,  near  Eougeres. 
Patient  had  experienced  gastric  trouble  for  about  a month;  for  8 days  inior  to 
expelling  the  worm  he  had  experienced  an  uneasiness  in  his  throat,  sensation  of  a 
lum23  which  changed  position,  and  a tickling  which  produced  a continual  desire  to 
vomit.  L^pon  expelling  the  worm  there  was  entire  relief. 

Species  PARACHORDODES  ALPESTRIS  (Villot,  1884)  Camerano,  1897. 

1884:  CordiMS  aZpcsbd.s  Yillot  (1884),  44-45. 

1897:  Parachordodes  alpjestris  (Villot,  1884)  Camerano,  1897g,  389  bis,  393-394. 

One  case  of  infection  with  this  species  has  recenth^  been  reported. 

Case  ofGueguex,  1905,  398-400. — A laborer,  34  years  old,  atChabanais  (Charante), 
France,  was  accustomed  to  drinking  at  an  exhausting  pumi3  used  for  draining  the 
yards.  Early  in  July,  after  having  drunken  of  this  stagnant  water,  coming  both 
from  springs  and  rains,  he  was  seized  with  colic  which  lasted  two  days  and  then 
ceased  for  about  tv/o  months.  Then  loss  of  appetite  developed,  together  with  vomit- 
ing after  meals;  this  condition  of  malaise  lasted  five  days  and  during  the  last  two 
days  was  accompanied  by  colic.  On  the  fifth  day,  after  a light  meal,  together  with 
a drink  of  pure  water,  vomiting  occurred,  resulting  in  the  expulsion  of  a large  female 
Chordodes,  34.4  cm.  long,  ^.Gordius  alpestris  Villot  [^  = Parachordodes  alpestris]. 
Gueguen  believes  the  worm  must  have  been  swallowed  when  young,  and  that  it 
developed  to  its  present  size  in  the  man’s  intestine. 
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Greiiixs  a,l^ci  species  Tan-cletei'i'nirxecl. 

Cases  of  Ward,  1903. — In  referring  to  Kirtland’s  case,  Ward  states  that  “two 
other  unpublished  cases  have  recently  been  communicated  to  me  from  Michigan  and 
Maryland.” 

In  reply  to  a personal  letter  W ard  has  informed  me  that — 

“ I remember  the  cases  reasonably  distinctly  and  I am  sure  of  the  fact  that  I was 
unable  to  secure  the  specimens,  so  that  the  species  must  remain  undetermined.  I 
am  also  under  the  impression  that  the  practitioners  could  give  no  information  in 
regard  to  the  cases.” 

Medical  sigNificaxge  of  horsehair  worms. — Reference  has 
already  been  made  to  the  popular  view  in  certain  localities  to  the 
effect  that  these  worms,  if  swallowed,  produce  very  serious  and  even 
fatal  results.  The  cases  summarized  above  do  not,  however,  bear  out 
this  view,  but  they  support  the  opinion  usualh"  held  by  physicians  and 
zoologists  that  horsehair  worms  are  not  dangerous.  In  fact,  with  the 
exception  of  Cloquet’s  and  Siebold’s  cases,  the  symptoms  seem  to  have 
been  rather  slight,  or,  at  least,  not  severe. 

In  this  connection  it  is  interesting  to  note  that  Bacounin  (lT90a, 
31)  fed  large  horsehair  worms  to  dogs,  cats,  and  birds  without  serious 
effects;  then  he  swallowed  two  such  worms  himself.  He  states  that  he 
felt  a kind  of  malaise,  which  soon  disappeared.  After  this  he  fed  six 
such  worms  to  a bov  without  anv  unfavorable  results. 

Key  to  North  American  species  of  Gordiidje.  — Probabh" 
almost  an}"  species  of  this  family  may  occur  in  man.  The  following 
key,  slightly  rearranged,  from  a paper  by  Montgomery  (1899),  will 
enable  the  reader  to  determine  the  North  American  species: 

1.  Caudal  extremity  trilobed Paragordius  varius  (female),  p.  59 

Caudal  extremity  bilobed,  spirally  enrolled  {Paragordius  and  Gordius  males) 3 

Caudal  extremity  not  lobed  {Chordodes  male  and  female,  Gordius  female) 2 

2.  Caudal  extremity  spirally  inrolled,  narrower  than  the  preceding  portion  of  body 

and  with  a depression  or  groove  on  its  ventral  surface  {Chordodes  maid) 10 

Caudal  extremity  not  spirally  inrolled,  not  narrower  than  the  preceding  portion 
of  body  ( Chordodes  and  Gordius  females) 12 

3.  A sharp  V-shaped  ridge  behind  cloacal  aperture, 4 

No  sharp  V-shaped  ridge  behind  cloacal  aperture 6 

Paragordius  and  Gordius  males. 

4.  Cuticle  marked  with  large  white  spots;  male Gordius  aquaiicus  {hunmenC) 

Cuticle  not  marked  with  white  spots 5 

5.  A parabolic  line  of  hairs  on  caudal  lobes;  male. 

Gordius  aquaticus  Montgomery 

No  line  of  hairs  on  caudal  lobes;  male Gordius  aquaticus  robustus  Leidy 

6.  A longitudinal  line  of  hairs  on  each  side  of  cloacal  aperture;  male. 

Gordius  linecdus  Leidy 

No  line  of  hairs  on  each  side  of  cloacal  aperture 7 

7.  Head  end  obliquely  truncated;  male Paragoridus' varius  (Leidy),  p.  59 

Head  not  obliquely  truncated 8 
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8.  No  conical  spicules  behind,  cloacal  aperture;  caudal  lobes  cylindrical;  male. 

Gordins  plaiycephcdus  Montgomery 
Conical  spicules  behind  cloacal  aperature 9 

9.  Caudal  lobes  short,  thick,  nearly  conical;  male. 

Gordius  densareolatus  Montgomery 
Caudal  lobes  nearly  cylindrical;  male Gordius  longareolatus  Montgomery 

Chordodes  male. 


10.  Cuticular  areoles  longer  than  high;  on  or  between  them  are  small  circular 

pits;  male Chordodes  occidentalis  Montgomery 

Cuticular  areolae  higher  than  long 11 

11.  Spines  on  summits  of  the  highest  arioles  (papillae);  male. 

Chordodes  puerilis  Montgomery 
No  spines  on  summits  of  the  highest  papillae;  male. 

Chordodes  morgani  Montgomery 


Chordodes  and  Gordius  females. 


12.  Caudal  end  not  noticeably  enlarged Gordius  (females),  13 

Caudal  end  swollen,  somewhat  knob-shaped,  slightly  constricted  off. 

C/?ordod^s  (females),  19 


Gordius  females. 


13.  Elevated  cuticular  areoles  on  entire  surface  of  body 14 

IVithout  elevated  cuticular  areolae  on  entire  surface 17 

14.  With  paired  dark  stripes  in  median  lines;  females Gordius  leidyi 'Slonigomery 

No  dark  stripes  in  median  lines 15 

15.  Areoles  elongated  in  long  axis,  and  well  separated  from  one  another;  female. 

Gordius  longareolatus  Montgomery 
Areoles  not  elongated  in  long  axis  of  body 16 

16.  Areoles  closely  apposed,  tending  to  produce  longitudinal  ridges;  female. 

Gordius  lineatus  Leidy 

Areoles  more  or  less  confluent,  tending  to  produce  transverse  rows;  head  usually 

cylindrical;  female : Gordius  densareolatus  Montgomery 

Areoles  usually  separated,  interareolar  groups  of  fine  hairs,  head  usually  flat- 
tened; female Gordius  j^ledycephcdus  Montgomery 

17.  Cuticular  areoles  only  at  ends  of  body;  female. 

Gordius  aquaticus  difficiUs  Montgomery 
Cuticular  areoles  entirely  absent 18 

18.  Cuticle  marked  with  white  spots;  female Gordius  aquaticus  lArm^eus 

Cuticle  without  white  spots;  female , . Gordius  aquaticus  rohustus  Leidy 

Chordodes  females. 

19.  Cuticular  areoles  longer  than  high;  on  or  between  them  circular  pits;  female. 

Chordodes  occidentalis  Montgomery 
Cuticular  areoles  higher  than  long;  female 20 

20.  Spines  on  summits  of  highest  areoles;  female Chordodes  q)uerilis'SlontgomQvy 

No  spines  on  summits  of  highest  areoles;  female. 


Chordodes  morgani  Monticelli 
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Filaria — Continued. 
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Report  on  the  Origin  and  Prevalence  of  Typhoid 
Fever  in  the  District  of  Columbia. 


INTRODUCTION. 

The  prevalence  of  typhoid  fever  in  Washington  has  long  been  a 
matter  of  concern  to  the  inhabitants  of  the  District  of  Columbia. 
The  transient  visitor  to  Washington,  seeing  only  the  broad  boule- 
vards, handsome  structures,  and  the  general  air  of  beauty  and  clean- 
liness of  the  city,  obtains  the  impression  of  a particularly  healthful 
city.  It  is  often  a matter  of  surprise,  therefore,  to  learn  that  Wash- 
ington has  a comparatively  high  death  rate,  especially  from  typhoid 
fever,  which  has  generally  been  considered  a filth  disease.” 

Why  Washington  should  pay  such  a high  tax  to  typhoid  fever  has 
been  the  subject  of  frequent  investigation.  All  such  studies  have, 
as  a rule,  been  focused  on  the  water  supply,  although  such  conditions 
as  pollution  of  the  soil,  infection  through  milk,  oysters,  and  other 
articles  of  food,  the  importation  of  cases,  the  contamination  of  shallow 
wells,  and  more  recently  the  danger  of  communicating  the  disease 
through  direct  contact,  and  indirectly  by  means  of  flies  and  other 
agencies,  have  also  received  attention. 

The  Potomac  water  has  long  been  regarded  as  polluted,  both  by 
the  large  majority  of  the  medical  profession  and  by  the  public  at 
large.  The  muddy  character  of  the  water  has  doubtless  exaggerated 
its  unwholesome  qualities  in  the  public  mind.  From  time  to  time, 
therefore,  engineering  projects  to  improve  the  quality  of  the  water, 
such  as  subsiding  basins,  have  been  conceived  and  carried  out. 
These  improvements,  however,  did  not  materially  affect  either  the 
turbidity  of  the  water  or  the  typhoid-fever  situation.  Congress, 
therefore,  provided  for  a further  purification  of  the  water  supply  by 
means  of  slow  sand  filtration,  appropriating  for  this  purpose  the 
sum  of  $3,468,405.  The  filters  were  constructed  under  supervision 
of  officers  of  the  Engineering  Corps,  United  States  Army,  and,  so 
far  as  general  principles  of  construction  are  concerned,  they  embody 
the  best  conceptions  that  modern  sanitary  engineers  have  to  offer. 
Advantage  was  taken  of  the  experience  in  slow  sand  filtration  gained 
in  actual  practice  in  this  country  and  abroad. 

The  work  was  rapidly  pushed  to  completion,  so  that  by  November, 
1905,  the  city  was  supplied  with  filtered  water.  During  the  follow- 
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ing  winter  and  early  spring  months  there  was  comparatively  little 
typhoid  fever  in  the  District  of  Columbia;  but  suddenly,  in  July,  1906, 
there  occurred  such  a great  increase  in  the  number  of  cases  that  the 
disease  was  properly  regarded  as  prevailing  in  epidemic  form.  This 
corresponds  with  the  history  of  the  disease  in  many  previous  years. 

The  recurrence  of  the  disease  under  the  greatly  improved  condi- 
tions of  the  water  supply  was  a matter  of  keen  disappointment  both 
to  the  medical  profession  and  to  the  general  public,  inasmuch  as 
assurance  had  been  given,  and  indeed  it  had  been  confidently  expected, 
that  the  introduction  of  sand  filtration  would  largely  diminish  the 
disease,  as  it  had  done  in  Lawrence,  Lowell,  Albany,  London  and 
Hamburg,  and  other  American  and  European  cities.  The  health 
officer  of  the  District,  Dr.  William  C.  Woodward,  found  himself  con- 
fronted with  a difficult  and  unusual  situation,  and  at  his  instance  the 
Commissioners  of  the  District  of  Columbia  requested  the  Surgeon- 
General  of  the  Public  Health  and  Marine-Hospital  Service  to  cooperate 
with  the  health  officer  in  making  a study  of  this  subject,  as  may  be 
seen  by  the  following  letter : 


Executive  Office,  Commissioners  of  the  District  of  Columbia, 

Washington,  June  21,  1906. 

Dear  Sir:  The  number  of  reported  cases  of  typhoid  fever  in  the  city  of  Washington 
has  increased  instead  of  diminished  within  the  year,  notwithstanding  the  opening 
of  the  filtration  plant  and  the  official  tests  showing  that  it  is  in  successful  operation. 
The  health  department  of  the  District  of  Columbia  has  been  unable  thus  far  to  account 
for  the  general  prevalence  of  typhoid  fever,  as  shown  by  the  reports,  in  view  of  the 
official  statement  as  to  the  working  of  the  filtration  plant  and  the  efficiency  of  the  milk- 
supply  inspection,  and  especially  in  view  of  the  fact  that  the  cases  appear  in  uniform 
numbers  throughout  the  community  and  seem  to  have  no  particular  foci. 

As  the  facilities  of  the  health  department  for  making  a complete  investigation  of 
the  causes  of  typhoid  fever  are  limited,  I have  the  honor,  on  behalf  of  the  Commissioners, 
to  ask  for  the  cooperation  of  your  Department  in  order  that  this  important  and,  at 
present,  mysterious  matter  may  have  a thorough  and  comprehensive  treatment  in  the 
interests  of  the  health  of  the  national  capital.  Besides  such  assistance  as  your  De- 
partment can  give  in  the  general  investigation,  I have  to  ask  that  you  will  cause  an 
early  and  simultaneous  bacteriological  examination  of  the  water  from  each  of  the 
public  pumps,  which  are  also  a possible  source  of  danger.  The  health  department 
has  not  the  means  to  make  such  an  analysis,  although  from  time  to  time  it  has  made 
a chemical  analysis  of  all  the  public  pumps,  so  that  each  is  inspected  at  least  once  a 
year  and  closed  if  found  to  be  contaminated.  As  a possible  source  of  typhoid  fever 
germs,  the  public  pumps,  of  which  there  are  over  ninety  in  constant  use  by  large  num- 
bers of  people — transients  as  well  as  residents — in  their  neighborhoods,  seem  to  require 
our  special  attention. 

The  Commissioners  will  be  grateful  for  the  cooperation  of  your  Department  and  for 
the  suggestions  of  any  additional  measures  which  they  may  take  to  safeguard  the  health 
of  the  community  in  this  relation. 

Sincerely,  yours, 

H.  B.  F.  Macfarland, 

President  Board  of  Commissioners  of  the  District  of  Columbia. 

Surg.  Gen.  Walter  Wyman, 

Public  Health  and  Marine^ Hospital  Service. 
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Li  accordance  with  this  request  the  Surgeon-General  detailed  the 
undersigned  board  of  officers  to  convene  July  2,  1906,  for  the  purpose 
of  making  an  mvestigation  of  the  origin  and  prevalence  of  typhoid 
fever  hi  the  District  of  Columbia. 

The  work  soon  proved  to  be  of  such  complexity  that  it  was  foimd 
necessaiA'  to  brmg  to  our  aid  the  followmg  officers  of  the  Laboratory, 
some  of  whom  were  specially  detailed  to  the  Laboratory  by  the 
Surgeon-General  for  this  purpose,  namely.  Passed  Assistant  Surgeon 
Jolm  F.  Anderson,  Passed  Assistant  Surgeon  W.  TV.  King,  Passed 
Assistant  Surgeon  Joseph  Goldberger,  Passed  Assistant  Surgeon 
Baylis  H.  Earle,  Assistant  Singeon  Aithiir  M.  Stimson,  Assistant 
Surgeon  Xorman  Roberts,  and  Ch.  TVardell  Stiles,  Ph.  D.  In  fact, 
diirmg  the  past  summer  almost  the  entire  force  of  the  Hygienic  Labo- 
ratory concentrated  its  energies  on  this  problem. 

These  mvestio^ations  have  mcluded  a sanitarv  survev  of  the  Potomac 
watershed;  an  exhaustive  epidemiological  study  of^the  866  cases  of 
the  disease  occurrmg  hi  the  District  of  Columbia  between  Jime  1 and 
October  31,  1906  : daily  chemical  and  bacteriological  examinations  of 
the  water  supply  ; a special  study  of  the  pumps,  wells,  and  springs  hi 
the  District,  and  also  of  bottled  waters  sold  hi  TVashhigton;  an 
inspection  of  the  dairies  and  laboratory  examinations  of  the  milk 
supply;  an  inspection  of  the  ice  factories;  chemical  and  bacteriolog- 
ical examhiations  of  a number  of  samples  of  ice,  as  well  as  the  water 
from  which  the  ice  is  made;  and  the  niakino:  of  blood  cultures,  diazo 
and  TVidal  reactions  for  practicing  physicians  hi  the  District.  The 
cpiestion  of  shellfish,  salads,  fruits,  and  other  raw  food  products  in 
relation  to  the  disease  has  also  been  studied.  Further,  special  atten- 
tion has  been  directed  to  the  communicability  of  the  disease  from 
person  to  person,  by  direct  or  hidirect  contact.  The  relation  of 
privies  and  sewers  to  wells  has  also  been  hivestigated,  and  the  question 
of  flies  and  other  insects  as  carriers  of  hifection  has  received  attention. 
The  bathing  beach  and  public  markets  have  been  hispected  from 
time  to  time.  Fhially,  in  the  division  of  zoology  many  specimens  of 
feces  have  been  examined  hi  order  to  determine  the  possible  relation 
of  anhiial  parasites  to  the  disease. 

The  results  reached  in  this  investigation,  together  with  the  con- 
elusions  and  recommendations  arrived  at  by  the  board,  are  given  in 
the  general  summary  of  this  report.  In  addition  to  the  sunmiarized 
statement,  detailed  reports,  giving  the  data  upon  which  the  conclu- 
sions and  recommendations  are  based,  are  also  submitted. 

On  accoimt  of  the  difficulties  and  magnitude  of  the  problem  it  was 
the  desire  of  the  Surgeon-General,  as  well  as  of  the  board,  to  continue 
these  investigations  over  an  entire  year.  However,  in  view  of  existing 
conditions  it  seems  desirable  to  publish  our  data  and  conclusions  in 
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their  present  form,  together  wnth  such  recommendations  as  are  pos- 
sible from  a limited  inquiry  into  so  large  a subject. 

With  the  facilities  of  the  Hygienic  Laboratory  at  our  disposal  it  was 
hoped  to  advance  the  study  of  typhoid  fever  b^^  experimental  investi- 
gations upon  the  life  histoiA^  of  the  typhoid  bacillus  outside  the  bod}". 
The  press  of  other  matters,  hovrever,  prevented  us  from  taking  up  this 
phase  of  the  subject.  The  work  will  be  continued,  especially  vdth  a 
view  of  determining  the  presence  or  absence  of  the  typhoid  bacillus  in 
the  Potomac  River  water,  in  well  waters,  in  milk,  and  other  foods,  and 
also  to  determine  what  percentage  of  the  population  may  act  as 
bacillus-carriers. 

Respectfully  submitted. 

M.  J.  Rosexau, 

Director  Hygienic  Laboratory , Chairman, 

L.  L.  Llwisdex, 

Passed  Assistant  Surgeon, 
Joseph  H.  Kastle, 

Chief  Division  of  Chemistry,  Recorder, 

United  States  Public  Health  and  Marine  Hos^tal  Service. 


ACKNOWLEDGMENTS. 


In  compliance  with  the  instructions  of  the  Surgeon-General  this 
investigation  into  the  causes  of  typhoid  fever  in  the  District  of  Colum- 
bia was  carried  out  in  cooperation  with  the  health  department  of  the 
District.  We  especially  desire  to  express  our  appreciation  of  the 
valuable  assistance  and  hearty  cooperation  of  Dr.  William  C.  Wood- 
ward, the  health  officer  of  the  District,  and  his  assistants.  From  the 
official  records  Doctor  Woodward  gave  us  numerous  transcripts  and 
caused  special  compilations  to  be  made.  He  further  acquainted  us 
with  important  factors  influencing  local  conditions,  and  in  other 
ways  helped  us  with  suggestions  growing  out  of  his  long  experience 
with  public  health  matters  in  the  District. 

We  desire  to  express  our  obligation  to  the  officers  and  employees  of 
the  Washington  filter  plant,  especialH  to  Captain  Cosb}^,  Mr.  Hardy, 
and  Mr.  Longley  for  much  valuable  information  relative  to  the  filtra- 
tion of  the  Potomac  water  suppl}^  and  for  placing  at  our  disposal  the 
results  of  their  bacteriological  determinations  and  chemical  analyses. 

We  are  indebted  to  Dr.  W.  A.  Wliite,  superintendent  of  the  Gov- 
ernment Hospital  for  the  Insane,  for  material  assistance  and  for 
information  relative  to  typhoid  fever  in  that  institution. 

To  Mr.  M.  O.  Leighton,  chief  of  the  hydrographic  division  of  the 
United  States  Geological  Survey,  we  are  indebted  for  information  and 
for  the  use  of  a manuscript  entitled  ^^The  Potomac  River  Basin, 
Water-Supply  Paper  No.  192,’’  by  Horatio  M.  Parker,  and  also  for  a 
map  of  the  Potomac  watershed,  upon  which  our  special  notations 
have  been  made. 


13 


SUMMARY  AND  RECOMMENDATIONS. 


The  prevalence  of  typhoid  fever  in  the  District  of  Columbia  is 
due  to  several  causes.  During  the  period  covered  by  our  investiga- 
tion we  found  that  about  10  per  cent  of  the  cases  were  attributable 
to  infected  milk;  about  15  per  cent  of  the  cases  were  imported; 
about  6 per  cent  of  the  cases  were  traceable  to  contact.’^  This 
accounts  for  about  30  per  cent  of  the  866  cases  studied. 

EPIDEMIOLOGICAL  STUDIES. 


Eight  hundred  and  sixty-six  cases  of  typhoid  fever  reported 
between  June  1 and  November  1,  1906^  were  investigated. 


SEX. 


The  number  of  cases  was  relatively  somewhat  higher  in  males 
than  in  female*. 


RACE. 


The  morbidity  rate  was  a trifle  higher  and  the  mortality  rate  was 
much  higher  in  the  colored  than  in  the  white  race. 

The  following  is  a statement  of  the  typhoid  death  rates  per  100,000 
according  to  race  for  the  last  twelve  years: 


Year. 


1895 

1896, 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 


Average 


Total. 

White. 

Colored. 

73.8 

64.3 

94.1 

51.0 

46.8 

60.  4 

43.6 

37.5 

56.6 

64.3 

50.2 

95.3 

67.2 

47.3 

111.0 

74. 1 

64.0 

96.7 

56.4 

42.8 

87. 1 

74.0 

71.5 

79.7 

45.0 

38. 1 

60.8 

43.8 

35.5 

63.4 

43.9 

40.0 

53.3 

49.3 

35.4 

83. 1 

57.2 

47.78 

78.45 

AGE. 

The  bulk  of  the  cases  occurred  between  the  ages  of  10  and  30 
years.  A conspicuously  large  number  of  cases  occurred  in  children 
under  the  age  of  15  years.  The  prevalence  of  the  disease  among 
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children  makes  it  probable  that  many  cases  are  not  recognized,  as 
typhoid  is  especially  mild  and  irregular  in  children.  The  prevalence 
of  the  disease  among  children  may  have  an  important  bearing  upon 
the  subject  of  the  spread  of  the  disease  by  direct  and  indirect  contact. 

IMPORTED  CASES. 

One  hundred  and  twenty-nine  of  the  866  cases  studied,  or  about 
15  per  cent,  contracted  their  infection  outside  of  the  District  of 
Columbia.  Sixty-six  of  these  imported  cases  were  taken  directly 
to  hospitals  and  15  more  were  taken  to  hospitals  after  a stay  of  a 
few  days  at  private  houses.  The  fact  that  this  large  number  was 
treated  in  the  hospitals  shows  that  the  chances  of  dissemination  of 
the  infection  by  the  imported  cases  was  correspondingly  diminished. 

SEASONAL  PREVALENCE. 

There  was  a sudden  rise  in  the  number  of  cases  early  in  July, 
reaching  its  maximum  early  in  August,  and  then  a marked  falling 
off  about  the  middle  of  August,  which  decline  continued  through 
September.  It  is  a striking  fact  that  the  marked  rise  occurred  with 
the  advent  of  the  hot  weather,  but  the  disease  declined  while  the 
weather  continued  hot  and  moist. 

The  seasonal  prevalence  for  this  year  is  very  similar  to  that  for 
previous  years.  In  other  words,  typhoid  fever  is  largely  a summer 
disease  in  Washington.  In  some  years,  however,  the  disease  con- 
tinued throughout  the  late  fall.  (See  chart  No.  4.) 

The  secondary  rise,  which  occurred  in  October,  1906,  was  largely 
a milk  outbreak.  (See  chart  No.  1.) 

GEOGRAPHICAL  DISTRIBUTION. 

During  the  period  covered  by  our  investigation  the  disease  was 
quite  uniformly  distributed  throughout  the  inhabited  portions  of 
the  District  of  Columbia.  This  widespread  and  uniform  distribu- 
tion suggests  some  common  factor  as  one  of  the  principal  means  of 
disseminating  the  infection.  In  no  instance  was  anything  approach- 
ing a local  focus  noted.  There  was  no  unusual  grouping  of  cases 
about  shallow  wells,  in  crowded  and  insanitary  courts  and  alleys,  or 
in  districts  where  privies  are  numerous.  It  is  interesting  that  there 
were  no  such  local  outbreaks  in  these  localities  where  the  conditions 
seemed  favorable  for  the  spread  of  the  disease  by  direct  contact  and 
flies. 

It  is  interesting  to  note  that  at  the  Government  Hospital  for  the 
Insane,  with  a population  of  about  3,000,  most  of  them  of  a suscep- 
tible age,  there  were  no  cases  of  typhoid  fever  in  1906,  while  around 
the  institution  the  disease  prevailed  in  about  its  normal  distribution. 
For  details  as  to  isolation,  water  and  milk  supply  of  this  institution, 
see  page  298. 
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SANITARY  CONDITIONS  OF  RESIDENCES. 

The  disease  certainly  did  not  prevail  to  any  unusual  extent  among 
persons  living  under  poor  sanitary  conditions.  On  the  contrary,  it 
was  more  prevalent  among  persons  living  in  residences  of  the  better 
class.  Most  of  the  cases  occurred  in  houses  connected  with  the  city 
sewerage  system  and  in  which  there  were  water-closets.  Only  72  of 
the  cases  occurred  in  houses  vdth  privies. 

While  no  special  grouping  of  cases  occurred  in  the  neighborhoods 
where  privies  are  numerous,  we  commend  the  efforts  of  the  health 
officer  in  abolishing  the  privies  in  the  District  as  fast  as  means  allow. 

SCREENS  AND  FLIES. 


Two  hundred  and  sixty  cases  occurred  among  persons  living  in 
houses  that  were  well  screened,  390  in  houses  that  were  not  screened, 
94  in  houses  that  were  screened  in  part,  and  3 in  houses  where  the 
screens  were  not  noted. 

The  gelation  to  flies  is  as  follows:  Eleven  cases  in  houses  vdth  prac- 
tically no  flies;  287  cases  in  houses  with  few  flies;  367  cases  in  houses 
with  a moderate  number  of  flies ; 40  cases  in  houses  v4th  many  flies ; 39 
cases  in  houses  Jh  verv  manv  flies ; 3 cases  in  houses  where  the  num- 
ber  of  flies  was  not  noted. 

These  figures  indicate  that  the  disease  did  not  prevail  to  any  special 
extent  among  persons  Ihfing  in  houses  where  flies  were  abundant. 
This,  however,  does  not  take  into  consideration  the  part  which  may 
have  been  played  by  flies  in  the  spread  of  the  infection  through  the 
contamination  of  food  and  b}^  other  means,  outside  of  residences 
where  cases  occurred. 

OTHER  VERMIN. 

Our  studies  indicate  no  special  relation  between  the  number  of 
mosquitoes,  ants,  roaches,  bedbugs,  rats,  or  mice  at  residences  and  the 
prevalence  of  the  disease. 

DOMESTIC  ANIMALS. 


It  is  well  knovm  that  certain  infections  are  communicated  from 
domestic  animals  to  man.  Such  a relation  has  never  been  seriously 
considered  for  typhoid  feyer.  Howeyer,  we  giye  the  f ollovdng  facts : 


Cases  occurring  in  houses  where  there 


were — 

Dogs 197 

Cats 266 

Guinea  pigs 8 

Rabbits 7 

Pet  mice 1 

Horses 36 

Cows 7 

Hogs o 


Cases  occurring  in  houses  where  there 


were — 

Goats 2 

Chickens 133 

Ducks 3 

Turkeys 1 

Canary  birds 32 

Mocking  birds 1 

Parrots 1 


TYPHOID  FEVER  IH  DISTRICT  OF  COLUMBIA.  17 

FRUITS  AND  VEGETABLES. 

On  account  of  the  difficulties  in  obtaining  accurate  information 
regarding  the  sources  of  fruits  and  vegetables  eaten  raw,  no  definite 
statement  can  be  made  concerning  the  relation  of  such  food  to  the 
disease.  However,  our  impression  is  that  they  played  little  or  no 
part  in  the  spread  of  the  infection. 

SHELLFISH  AND  FRESH-WATER  FISH. 

The  disease  prevails  in  Washington  to  the  greatest  extent  at  the 
season  of  the  year  when  comparatively  few  shellfish  are  eaten.  Fur- 
ther, the  great  majority  of  cases  gave  a history  of  having  eaten  no 
shellfish  during  the  thirty  days  prior  to  onset  of  illness.  The  same 
applies  to  fresh-water  fish.  The  follovfing  table  gives  the  data  in 
regard  to  the  eating  of  shellfish  and  fresh- water  fish  b}^  the  cases : 


Yes. 

No. 

Not 

stated. 

Oysters  (30  days  prior  to  illness) 

60 

6.^5 

32 

Clams  (30  days  prior  to  illness) 

64 

647 

36 

Lobsters  (30  days  prior  to  illness) 

8 

708 

31 

Crabs  (30  days  prior  to  illness) 

190 

516 

41 

Fresh- water  fish  (30  days  prior  to  illness) 

205 

504 

38 

We  may  therefore  safely  conclude  that  such  articles  of  diet  played 
no  appreciable  part  in  spreading  the  infection. 

OCCUPATION. 


No  special  relation  between  occupation  and  the  disease  can  be  made 
out.  It  is  interesting  to  note  that  during  the  period  studied  by  us  the 
number  of  cases  was  reiativel}^  somewhat  high  among  housekeepers, 
bartenders,  draymen,  hackmen  and  teamsters,  messenger  boys,  news- 
boys, steam  railway  men,  stenographers,  machinists,  and  persons 
attending  school.  Three  cases  occurred  among  dairymen. 

MILK. 

We  found  that  the  747  cases  considered  as  havmg  contracted  their 
infection  in  the  District  of  Columbia  gave  the  following  history  in 
regard  to  the  use  of  milk  within  thirty  days  prior  to  illness: 

As  a beverage,  488;  in  fruits  and  cereals,  but  not  as  a beverage,  90; 
in  hot  tea  or  coffee  only,  50;  as  ice  cream  only,  65;  none,  40;  not 
stated,  14.  Eighty-five  of  these  cases  were  attributed  to  the  use  of 
infected  milk,  and  of  these,  6 were  attributed  to  the  use  of  infected 
ice  cream. 

ICE. 

Five  hundred  and  ninety-eight  cases  used  ice  in  beverages;  125 
used  no  ice  in  food  or  beverages;  24  cases  gave  no  data. 
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WATER. 


Of  the  747  cases,  721,  or  96.54  per  cent,  gave  a definite  history  of 
having  used  unboiled  Potomac  water,  supplied  through  the  city 
system,  as  the  sole,  principal,  or  occasional  source  of  water  for  drink- 
ing purposes  during  thirty  days  prior  to  onset  of  illness. 

Of  the  26  cases  occurring  among  persons  who  did  not  give  a definite 
history  of  having  drunk  unboiled  tap  water,  2 were  attributed  to 
infection  by  contact,  7 to  infection  by  milk,  1 to  infection  by  ice 
cream,  and  5 may  have  contracted  their  infection  outside  of  the  Dis- 
trict of  Columbia.  Seventeen  drank  unboiled  milk  supplied  by  the 
dealers  of  the  District. 

The  following  table  gives  the  source  of  water  used  for  drinking 
purposes  during  the  thirty  days  preceding  the  onset  of  illness,  by  the 
747  cases  studied: 


Raw  tap  water : « 

Solely ■. 

Principally 

Occasionally 

Occasionally  (?) 

Boiled  tap  water: 

Solely 

Principally 

Occasionally 

Filtered  tap  water: 

Solely 

Principally 

Occasionally 

Occasionally  (?) 

Public  pumps: 

Solely 

Principally 

Occasionally 

Occasionally  (?) 

Bottled  water: 

Solely 

Principally 

Occasionally 

Private  wells  or  springs  in  District  of  Columbia: 

Solely 

Principally 

Occasionally 

Various  sources  out  of  District  of  Columbia: 

Principally 

Occasionally 


443 

196 

73 

12 

2 

47 

15 


T 

J. 

10 

3 

1 

1 

3 
94 
31 

1 

7 

13 

4 

36 

33 

0 

69 


By  raw  tap  water  is  meant  water  as  it  comes  from  the  taps  and  neither  boiled  nor 
filtered  after  it  leaves  the  tap.  The  difference  of  9 in  the  number  of  cases  which  used 
“raw’^  tap  water  and  the  number  which  used  unboiled  tap  water  is  explained  by  the 
fact  that  all  the  tap  water  drunk  by  these  9 cases  was  filtered  through  some  kind  of  a 
house  filter.  In  none  of  these  instances  was  the  filtration  considered  efficient. 
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Melted  ice: 

Solely 1 

Principally 1 


SODA  WATER. 

Three  hundred  and  ten  drank  soda  water  within  thirty  days  prior 
to  illness,  392  drank  no  soda  water  within  thirty  days  prior  to  illness, 
45  not  stated. 

CONTACTS. 

Thirty- two  of  the  747  cases  studied  gave  a history  of  direct  and 
intimate  contact  with  patients  in  the  febrile  stage  of  the  disease. 
Nine  gave  a history  of  slight  or  occasional  association  with  patients 
in  the  febrile  stage.  Twelve  had  free  and  intimate  association  with 
cases  suspected  of  being  typhoid  fever,  but  which  were  not  reported 
as  such.  In  21  cases  the  conveyance  of  the  infection  by  persons  or 
flies  was  strongly  suggested.  Therefore  a certain  percentage  (about 
6 per  cent)  of  the  cases  studied  may  reasonably  be  attributed  to 
contact. 

No  satisfactory  information  could  be  obtained  upon  the  question 
of  direct  or  indirect  contact  with  persons  recently  (within  three  to 
four  months)  convalescent  from  the  disease  or  with  chronic  bacillus- 
carriers. 

That  some  cases  contracted  their  infection  in  this  manner  seems 
probable,  and.  therefore  it  may  be  argued  that  a larger  percentage 
than  above  indicated  were  infected  by  contact. 

PROPHYLAXIS. 

Of  the  866  cases,  374,  or  43.18  per  cent,  were  treated  in  hospitals. 
This  naturally  diminished  the  chances  of  dissemination  of  the  infec- 
tion. As  a further  factor  bearing  on  this  same  point,  119  of  the  cases 
treated  at  private  homes  were  cared  for  by  trained  nurses. 

Of  the  492  cases  treated  at  home,  the  use  of  disinfectants  in  stools 
and  urine  was  found  to  be  efficient  for  145  cases,  inefficient  for  286 
cases,  of  doubtful  efficiency  for  51  cases,  not  stated  for  10  cases. 

Of  other  measures  taken  to  prevent  the  spread  of  the  infection,  such 
as  treatment  of  clothing,  bedding,  and  dishes  used  by  the  patient, 
and  care  of  the  hands  of  the  persons  attending  the  patients,  the  pre- 
cautions carried  out  were:  Fairly  efficient,  212  cases;  inefficient, 
270  cases;  not  stated,  10  cases. 

The  destruction  of  the  infection  as  it  leaves  the  body  is  the  most 
important  measure  to  prevent  tbe  spread  of  typhoid  fever.  In  our 
opinion  it  is  the  duty  of  the  attending  physician  to  see  that  these 
measures  are  effectively  carried  out.  It  is  evident  from  the  above 
figures  that  this  important  prophylactic  measure  is  not  carried  out  as 
it  should  be  in  the  District  of  Columbia.  If  this  condition  of  affairs 
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can  not  be  corrected  voluntarily,  then  we  should  recommend  its 
enforcement  by  legislative  enactments. 

To  sum  up  the  epidemiological  findings; 

Eight  hundred  and  sixty-six  cases  studied. 

About  129  cases,  or  15  per  cent,  contracted  their  infection  outside 
of  the  District  of  Columbia. 

About  85  cases,  or  10  per  cent,  were  attributed  to  infected  milk  or 
ice  cream. 

About  54  cases,  or  6 per  cent,  were  attributed  to  infection  by 
contact. 

Leaving  about  598  cases,  or  68  per  cent,  unaccounted  for. 

THE  MILK  PROBLEM. 

Three  separate  milk  outbreaks  occurred  in  Washington  between 
June  and  November,  1906.  Eighty-five  of  the  866  cases  of  typhoid 
fever  studied  during  this  time  were  attributed  to  the  use  of  infected 
milk.  The  source  of  the  infection  was  traced  to  cases  of  the  disease 
at  the  city  dairy  or  at  the  dairy  farm.  Quite  probably  other  cases 
contracted  their  infection  from  milk,  but  the  number  of  such  cases 
must  remain  problematical.  In  at  least  two  instances  employees  at 
the  dairy  lived  in  houses  in  which  cases  of  typhoid  were  being  treated, 
and  in  other  ways  the  relation  between  the  disease,  the  infection  and 
the  milk  was  found  to  be  very  close. 

Our  inspections  have  shown  that  despite  the  regulations  of  the 
health  department  many  dairymen  deliver  milk  in  bottles  to  houses 
in  which  there  is  typhoid  fever.  Returned  bottles  are  not  disinfected 
as  they  should  be,  either  with  steam  or  boiling  water.  The  washing 
of  the  bottles  is  frequently  imperfect,  and  after  washing  they  are 
exposed  mouth  upward  to  dust,  flies,  and  other  sources  of  contamina- 
tion. It  was  found  in  most  instances  that  the  cans  and  bottles  were 
washed  with  tap  water. 

A few  of  the  dairies  have  excellent  machines  for  washing  and  scald- 
ing bottles,  but  sometimes  neglect  to  heat  the  water,  thus  reducing 
the  efficiency  and  one  of  the  objects  of  the  machine. 

The  paper  caps  or  stoppers  are  not  handled  with  sufficient  care. 
They  are  exposed  to  dust,  flies,  etc.,  and  are  often  handled  with 
unclean  fingers. 

Remembering  that  milk  bottles  are  frequently  used  by  house- 
holders for  other  purposes  than  to  hold  milk,  that  they  are  often 
taken  into  the  sick  room,  and  that  they  run  many  risks  of  contami- 
nation with  infection — not  only  of  typhoid  but  other  diseases — it 
would  not  be  unreasonable  to  require  all  dairymen  to  disinfect  bottles 
as  a routine  practice. 

It  is  easy  to  understand  how  a bottle  or  a limited  number  of  bottles 
of  milk  may  become  infected  and  be  the  cause  of  spreading  the  disease. 
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It  should  be  remembered  that  the  typhoid  bacillus  grows  and 
multiplies  in  warm  milk  with  great  rapidity  and  that  the  milk 
may  be  teeming  with  these  organisms  without  appreciably  changing 
its  appearance,  odor,  or  taste.  The  danger  is,  therefore,  hidden  and 
insidious. 

Another  source  of  danger  is  the  small  corner  grocery  where  milk 
is  retailed.  At  such  places  often  as  little  as  1 or  2 cents’  worth  of 
milk  is  sold  at  a time,  from  pint  or  quart  bottles. 

In  several  instances^we  found  a close  association  between  the 
family  life  of  the  patient  and  the  business.  The  same  hands  that 
nurse  the  sick  often  purvey  the  milk.  The  patient  is  treated  in  a 
room  adjoining  the  store.  Flies  swarm  in  and  out.  The  chances  of 
spreading  the  infection  in  this  and  many  other  ways  must  be  great. 

The  small  retailers,  while  subject  to  inspection,  are  immune  from 
the  sanitary  restrictions  of  the  health  department.  This  state  of 
affairs  evidently  needs  legislative  correction. 

The  milk  supplied  the  citizens  of  the  District  is,  for  the  most  part, 
too  old,  too  dirty,  and  too  warm.  Milk  is  not  kept  cold,  especially 
in  transit  from  the  farm  to  the  city  dairy,  and  on  the  delivery  wagons 
from  the  dairy  to  the  householder.  Of  172  samples  tested  during  the 
warm  months,  only  16  were  10°  C.  (50°  F.)  or  under.  The  average 
temperature  of  the  172  samples  was  16.5°  C.  (61.7°  F.).  The  dangers 
of  warm  milk  in  which  bacteria  and  their  toxic  products  develop  to  a 
dangerous  degree  are  now  well  recognized.  Of  the  172  samples  of 
milk  tested  only  29  contained  less  than  500,000  bacteria  per  cubic 
centimeter.  The  average  of  all  the  samples  examined  was  22,134,289 
per  cubic  centimeter.  Hence  the  great  bulk  of  the  milk  sold  in  Wash- 
ington during  the  summer  months  would  have  been  considered 
adulterated  and  condemned  in  New  York  and  prohibited  from  sale 
in  Boston,  on  account  of  the  temperature  or  the  number  of  bacteria. 

Practically  all  of  the  samples  examined  contained  gas-fermenting 
organisms,  indicating  contamination  with  cow-dung  and  other  extra- 
neous matter.  Most  of  the  samples  studied  contained  more  visible 
foreign  matter  (dirt)  than  has  a place  in  clean  milk. 

So  far  as  the  city  dairies  themselves  were  concerned  many  defects 
were  found.  For  instance,  the  location  of  many  dairies  is  pernicious, 
in  that  they  abut  upon  unkempt  alleys  and  are  in  the  neighborhood  of 
squalid,  insanitary  settlements.  The  stables  in  the  rear  of  practi- 
cally all  the  dairies  visited  provide  breeding  places  for  swarms  of  flies 
and  are  a source  of  foul  odors. 

Flies  are  attracted  by  the  milk  and  are  abundant  in  nearly  all  the 
dairies.  In  some  instances  the  water-closets  are  too  near  to  the  milk. 
Only  one  of  the  dairies  visited  was  properly  screened.  In  most 
instances  no  intelligent  warfare  is  waged  against  the  flies.  At  one 
dairy  the  milk  from  various  sources  is  mixed  in  a large  vat  resembling 


22 


TYPHOID  FEVEK  IH  DTSTEICT  OF  COLHMBIA. 


a bath  tub.  This  vat  was  open  at  the  time  of  the  inspection^  and  from 
10  to  15  flies  were  being  mixed  up  with  the  milk. 

At  most  of  the  dairies  the  hands  of  the  employees  who  come  into 
contact  with  the  milk  were  dirty  and  their  clothing  not  changed  or 
covered  with  a clean  apron.  Employees  who  handle  milk  should  be 
required  to  wear  clean  laundered  clothing,  or  at  least  a clean  apron 
or  gown.  Their  hands  should  be  thoroughly  washed  before  beginning 
work. 

The  milk  passes  through  too  many  hands  and  is  exposed  too  many 
times  before  it  reaches  the  consumer.  The  general  rule  with  the  milk 
business  in  the  District  of  Columbia  appears  to  be  that  the  farmer 
sends  his  milk  either  directly  to  the  railroad  station  or  to  a neighbor- 
ing collecting  depot ; from  this  point  it  passes  into  the  care  of  the  rail- 
roads and  is  shipped  to  town  without  ice.  The  milk  is  received  at 
the  city  railroad  depot  and  carted  to  the  city  dairies,  where  it  is  some- 
times mixed,  aerated,  separated,  reassembled,  cooled,  and  filtered 
before  it  is  bottled.  It  would  evidently  be  much  better  if  the  milk 
could  be  cooled  and  bottled  at  once  on  the  farm  or  at  the  near-by  col- 
lecting depots,  thereby  avoiding  much  handling  and  consequent 
chances  of  contamination. 

The  milk  is  kept  too  long  before  reaching  the  consumer;  the  loss  of 
about  a day  being  common  at  most  of  the  dairies. 

While  the  present  outbreak  of  typhoid  fever  is  by  no  means  wholly 
attributable  to  milk,  the  wonder  is,  judging  from  our  observations  of 
the  milk  business  in  the  District  of  Columbia,  that  more  sickness  and 
disease  is  not  spread  through  this  medium. 

ICE. 

Ice  can  not  be  a frequent  vehicle  by  which  the  infection  of  typhoid 
is  spread  owing  to  the  fact  that  the  great  majority  of  bacteria  are  killed 
in  the  process  of  freezing. 

Our  studies  indicate  that  ice  plays  little,  if  any,  part  in  spreading 
the  infection  of  typhoid  in  the  District  of  Columbia.  The  possibility, 
however,  of  typhoid  infection  being  occasionally  present  in  manu- 
factured ice  sold  in  Washington  is  indicated  by  the  unclean  methods 
used  at  the  factories.  Urine  and  excrement  are  carried  on  the  shoes 
of  the  workmen  to  the  tops  of  the  cans  or  tanks,  from  there  dropping 
into  the  freezing  water.  This  is  confirmed  by  our  bacteriological 
examinations,  which  disclose  a greater  number  of  organisms  in  the  ice 
than  in  the  water  from  which  the  ice  is  made.  The  contrary  should 
be  the  case. 

'^Can”  ice  in  the  District  is  made  mostly  from  distilled  water  and 
should  be  safe.  Plate”  and  block”  ice  is  made  largely  from  tap 
water,  and  if  not  subsequently  contaminated  should  also  be  reason- 
ably free  from  injurious  pollution. 
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It  is  recommended  that  the  manufacture  of  ice  and  the  traffic  in 
natural  ice  in  the  District  of  Columbia  should  be  placed  under  close 
sanitary  control  of  the  local  health  authorities,  and  that  bacteriolog- 
ical and  chemical  facilities  should  be  provided  for  the  frequent  exam- 
ination and  control  of  this  product. 

TYPHOID  BACILLUS-CARRIERS. 

It  is  now  well  knovm  that  some  persons  in  good  health  discharge 
typhoid  bacilli  in  live  and  virulent  form,  in  their  urine  and  feces  for 
periods  of  months  and  years.  Such  persons  are  known  as  ^ffiacillus- 
carriers  ” (bacillen-trager) . 

The  fact  that  persons  in  average  health  may  harbor  the  cholera 
vibrio  in  the  intestinal  tract  or  the  diphtheria  bacillus  in  the  throat 
has  been  known  and  its  importance  in  preventive  medicine  appreciated 
for  some  years;  but  it  is  only  recently  that  a similar  relationship  in  the 
case  of  typhoid  fever  has  actually  been  confirmed.  It  must  be  plain 
that  bacillus  carriers  may  be  particularly  active  agents  in  spreading 
the  infection  throughout  a community  in  view  of  their  undiminished 
activities  and  the  total  ignorance  of  the  fact  that  they  are  foci  of 
infection. 

The  question  of  typhoid  bacillus  carriers  complicates  the  epidemi- 
ological studies,  inasmuch  as  cases  contracting  their  infection  by  this 
means  are  verv  difficult  to  trace. 

TYPHOID  FEVER  A “CONTAGIOUS”  DISEASE. 

Our  studies  confirm  the  trend  of  modern  opinion  that  t}q)hoid 
fever  may  be  communicated  directly  from  man  to  man.  This 
emphasizes  the  importance  of  isolation  and  disinfection  in  this  disease. 

THE  SUPPOSED  ROLE  OF  INTESTINAL  WORMS  AS  INOCULATING 

AGENTS  IN  TYPHOID  FEVER. 

* 

In  view  of  the  theory  advanced  by  Guiart  that  intestinal  worms, 
especially  whipworms,  commonly  play  an  inoculating  role  in  typhoid 
fever,  somewhat  similar  to  the  role  played  by  fleas  in  bubonic  plague, 
200  of  the  present  typhoid  cases  (selected  at  random)  were  examined 
for  intestinal  worms.  Statistically  considered,  the  infections  found 
correspond  approximately  to  the  infections  which  would  be  expected 
among  these  patients  independent  of  their  typhoid  condition.  Only 
15  cases  (7.5  per  cent)  showed  a total  of  16  infections  (8  infections  per 
hundred),  of  which  14  cases  (7  per  cent)  showed  whipworms.  This 
represents  only  1.3  infections  (0.65  infections  per  hundred  persons) 
over  what  was  expected  in  general  helminthiasis,  and  an  increase  of 
only  1.32  per  cent  over  what  was  expected  in  whipworm  infections. 
Considering  the  very  wet  season,  and  especially  in  view  of  the  negative 
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findings  in  185  (92.5  per  cent)  of  the  patients,  these  slight  increases 
can  hardly  be  considered  of  importance. 

The  general  conclusion  is  therefore  reached  that,  contrary  to  Gui- 
art’s  view,  neither  whipworms  nor  other  intestinal  worms  play  any 
essential  role  as  inoculating  agents  in  this  disease. 

THE  WELL  WATERS. 

The  waters  of  the  shallow  wells  have  frequently  been  regarded  as 
a means  of  conveying  the  infection  of  typhoid  fever,  and,  as  there  are 
63  shallow  wells  in  the  District  of  Columbia  used  by  the  public,  we 
have  made  a particular  study  of  this  phase  of  the  subject. 

The  waters  of  87  public  wells  are  used  for  drinking  purposes  in  the 
District  of  Columbia.  Twenty-four  of  these  wells  are  ^^deep”  and 
63  are  shallow.  ” As  will  be  seen  from  our  report,  the  water  of  the 
deep  wells  has  been  found  to  be  of  excellent  quality,  both  chemically 
and  bacteriologically.  Some  of  these  so-called  ‘^artesian’’  wells  are 
practically  sterile,  and  no  evidence  was  found  of  fermenting  organ- 
isms. On  the  other  hand,  both  the  bacteriological  and  chemical 
examinations  indicate  quite  a different  condition  in  the  case  of  the 
shallow  wells.  Of  the  63  shallow  wells  now  used  by  the  public  31 
show  indications  of  sewage  pollution,  29  are  waters  of  suspicious 
character,  and  only  3 show  no  evidence  of  pollution. 

Our  studies  developed,  further,  that  the  water  of  many  of  the 
shallow  wells  varied  widely  from  time  to  time,  both  in  chemical  com- 
position and  in  the  number  and  character  of  the  bacteria  present. 
This  in  itself  is  a dangerous  indication  from  a sanitary  standpoint, 
showing  an  intermittent  source  of  surface  contamination  or  sewage 
pollution. 

It  is  also  evident  from  a study  of  our  data  that  there  is  a relation 
between  the  proximity  and  number  of  privies  and  the  bacteriolog- 
ical and  chemical  findings  of  the  well  waters.  It  was  found,  further, 
that  most  of  the  wells  with  broken  pumps  and  leaky  platforms,  per- 
mitting surface  contamination,  often  disclosed  this  condition  by  the 
laboratory  analyses.  On  the  other  hand,  our  epidemiological  studies 
revealed  no  special  grouping  of  typhoid  cases  about  any  particular 
well,  and  no  definite  relation  could  be  discovered  between  the  use  of 
any  particular  well  water  and  the  occurrence  of  typhoid  cases.  This 
is  no  guarantee  that  some  of  these  shallow  wells  have  not  been 
infected  in  past  years  and  will  not  again  become  so  in  the  future. 
The  infection  of  a shallow  well  is  usually  temporary. 

It  is  evident  that  a densely  inhabited  area  with  miles  of  sewers, 
some  of  them  doubtless  broken  or  leaky,  and  with  almost  4,000  priv- 
ies must  produce  a more  or  less  polluted  condition  of  the  soil,  ren- 
dering the  ground  water  unfit  for  drinking  purposes.  On  general 
sanitary  principles  alone  shallow  wells  and  privies  have  been  elimh 
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nated  from  all  large  cities  having  an  abundant  water  supply  and 
sewerage  system.  We  unhesitatingly  subscribe  to  this  view  and  be- 
lieve that  the  shallow  wells  in  the  District  of  Columbia  should  be  con- 
demned— a conviction  that  is  abundantly  confirmed  by  the  results 
of  our  chemical  and  bacteriological  examinations. 

From  the  fact  that  31  of  the  63  shallow  wells  show  indications  of 
sewage  pollution  and  29  are  suspicious  we  feel  justified  in  recommend- 
ing the  permanent  closing  of  all  the  shallow  wells  in  the  District  of 
Columbia,  and  if  for  any  reason  any  of  those  now  regarded  as  sus- 
picious should  be  continued  in  use,  laboratory  facilities  should  be 
afforded  the  health  officer  of  the  District  to  watch  them  closely  and 
authority  granted  him  to  close  immediately  any  such  well  upon  the 
first  indication  of  sewage  pollution,  or,  as  an  alternative,  close  the 
shallow  wells  and  sink  deep  wells  in  their  place. 

THE  TABLE  WATERS. 

There  is  on  sale  in  the  city  of  Washington  a great  variety  of  ^‘min- 
eraF’  waters,  both  foreign  and  domestic.  One  dealer  publishes  a list 
of  more  than  sixty  kinds.  The  inspection  was  confined  to  those 
table  waters  collected  from  sources  in  or  near  the  city  or  bottled 
here.  Studies  were  made  of  the  source  and  mode  of  purveyance  of 
these  waters  and  samples  were  taken  for  chemical  and  bacteriological 
examination  with  a view  of  discovering  any  injurious  contamination. 

Several  instances  of  fraudulent  labeling  were  discovered. 

The  claims  of  some  dealers  as  to  the  sterilization  of  their  water 
bottles  could  not  be  substantiated. 

No  relation  between  the  use  of  bottled  waters  and  the  spread  of 
typhoid  fever  is  apparent  in  the  District  of  Columbia. 

THE  POTOMAC  DRAINAGE  BASIN. 

The  Potomac  River  at  Great  Falls  drains  an  area  of  about  11,400 
square  miles.  The  population  of  this  area  was  estimated  to  be,  in 
1900,  about  500,000,  or  44  per  square  mile.  The  velocity  of 
flow  of  the  Potomac  is  extremely  variable.  It  has  been  estimated 
that  it  takes  from  four  to  seven  days  for  the  water  to  travel  from 
Cumberland  to  Great  Falls,  a distance  of  about  176  miles.  Typhoid 
fever  prevails  to  a greater  or  less  degree  in  every  part  of  the  drainage 
basin.  No  data  for  an  accurate  determination  of  its  degree  or  sea- 
sonal prevalence  are  obtainable  ; such  data  as  were  obtained  indicate 
that  its  seasonal  prevalence  closely  corresponds  to  that  of  Washington. 

The  waters  of  the  Potomac  are  directly  polluted  by  sewage  at 
numerous  points.  TR’s  direct  pollution  is  contributed  by  not  more 
than  45,000,  or  9 per  cent  of  the  total  population  of  the  watershed. 
Of  this  pollution  about  80  per  cent  enters  the  river  at  points  176 
miles  or  more  from  the  intake  of  the  Washington  Aqueduct  at  Great 
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Falls;  about  15  per  cent  enters  it  at  points  between  50  and  175 
miles  above  Great  Falls,  and  5 per  cent,  contributed  by  about  2,200 
of  the  population,  enters  at  points  between  19  and  50  miles  above  the 
intake. 

Practically  no  direct  pollution  of  the  Potomac  takes  place  within  19 
miles  of  the  intake,  but  as  this  portion  of  the  watershed  is  inhabited, 
the  possibility  and  danger  of  direct  pollution  of  the  river  within  this 
section  can  not  be  is:nored. 

The  great  bulk  of  the  pollution  of  the  Potomac  being  distant  under- 
goes more  or  less  natural  purification,  and  in  addition  becomes  very 
greatly  diluted  before  it  reaches  the  intake  at  Great  Falls. 

We  recommend  the  enforcement  of  streams-pollution  acts  looking 
to  the  removal  of  overhanging  privies  and  other  sources  of  contami- 
nation on  the  Potomac  and  its  tributaries,  especially  from  Harpers 
Ferrv  to  the  intake. 


THE  SAND  FILTERS. 

In  our  opinion  the  sand  filtration  plant  represents  a high  degree 
of  engineering  skill  and  intelligent  management.  The  water  is 
greatly  improved  both  bacteriologically  and  chemically  by  the  storage 
and  filtration,  as  indicated  by  the  figures  on  page  27  et  seg^. 

It  was  knovm  before  the  filters  were  installed  that  slow  sand  filtra- 
tion alone  could  not  at  all  times  render  the  Potomac  water  clear; 
experience  has  shown  this  to  be  correct.  Some  other  treatment, 
such  as  increased  storage  capacity,  preliminary  filtration  or  the 
occasional  use  of  a coagulant  during  periods  of  high  turbidity,  is 
necessary  in  order  to  obtain  a clear  effluent  at  all  times. 

It  is  reasonable  to  expect  that  continued  experience  and  further 
experiments  vfith  the  special  problem  in  hand  will  result  in  still  fur- 
ther improvements  in  the  filtered  water,  especially  so  far  as  turbidity 
is  concerned. 

MUD  IN  THE  WATER  PIPES. 

The  su2:gestion  has  been  advanced  that  the  large  amount  of  mud 
contained  in  the  pipes  of  the  water  system  retains  the  t}’phoid  infec- 
tion and  thence  it  is  distributed  throughout  the  city.  From  our 
knowledge  of  the  viability  of  the  typhoid  bacillus  we  think  this 
extremely  unlikely,  and  a few  experiments  with  the  mud  in  question 
confirms  this  opinion. 
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BACTERIOLOGY  OF  THE  POTOMAC  RIVER  WATER. 

The  following  is  a summary  of  our  bacteriological  examinations  of 
the  raw  and  filtered  waters : 


Summary  of  bacteriological  examinations  of  raw  and  filtered  waters  of  the  reservoirs. 

[July  30  to  September  27,  1906.] 


Dalecarlia. 

George- 

Wash- 

Filtered 

Inlet. 

Outlet. 

town. 

ington. 

water. 

Number  of  specimens  examined 

9 

12 

11 

19 

16 

Average  number  of  bacteria  per  cubic  centi- 
meter  

526 

381 

306 

235 

36 

Number  of  specimens  examined 

15 

15 

15 

24 

21 

Percentage  showing  the  B.  coli  in  1 cc 

40.0 

40.0 

33.3 

16.6 

4.7 

Percentage  showing  the  B.  coli  in  10  cc 

26.6 

40.0 

40.0 

41.6 

9.5 

Total  percentages  showing  B.  coli 

66.6 

80.0 

73.3 

. 58.2 

14.2 

The  following  is  a summary  of  our  bacteriological  examinations  of 
tap  water : 


Summary  of  the  bacteriological  examination  of  tap  water. 

[July  16  to  October  16,  1906.] 

Number  of  specimens  examined 131 

Average  number  of  bacteria  per  cubic  centimeter 64.  0 

Average  number  of  bacteria  per  cubic  centimeter,  excluding  the  9 specimens 

containing  over  100  organisms  per  cubic  centimeter 36. 0 

Percentage  in  which  B.  coli  was  found 17.5 

Percentage  in  which  B.  coli  was  found  in  10  cc 15.2 

Percentage  in  which  B.  coli  was  found  in  1 cc 2.  2 

JULY. 

Average  number  of  bacteria  per  cubic  centimeter,  30  specimens 74. 1 

Average  number  of  bacteria  per  cubic  centimeter,  excluding  the  3 specimens 

' containing  over  100  organisms  per  cubic  centimeter 39.  3 

Percentage  in  which  B.  coli  was  found  /. 33.  3 

Percentage  in  which  B.  coli  was  found  in  10  cc 30. 0 

Percentage  in  which  B.  coli  was  found  in  1 cc 3.3 

AUGUST. 

Average  number  of  bacteria  per  cubic  centimeter,  30  specimens 60.  7 

Average  number  of  bacteria  per  cubic  centimeter,  excluding  the  3 specimens 

containing  over  100  organisms  per  cubic  centimeter 40.  3 

Percentage  in  which  B.  coli  was  found 26.  6 

Percentage  in  which  B.  coli  was  found  in  10  cc 23.  3 

Percentage  in  which  B.  coli  was  found  in  1 cc 3.3 
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SEPTEMBER. 


Average  number  of  bacteria  per  cubic  centimeter,  41  specimens 83. 4 

Average  number  of  bacteria  per  cubic  centimeter,  excluding  the  3 specimens 

containing  over  100  organisms  per  cubic  centimeter 40.  5 

Percentage  in  which  B.  coli  was  found 12.  2 

Percentage  in  which  P.  coli  was  found  in  10  cc 9.  7 

Percentage  in  which  B.  coli  was  found  in  1 cc 2.4 

(Note. — Specimen  No.  326  is  not  included  in  these  figures.) 


OCTOBER  1-16,  IXCLTTSIVE. 


Average  number  of  bacteria  per  cubic  centimeter,  30  specimens,  none  over  100 . 21. 0 

Percentage  in  which  B . coli  was  found 0.0 


Our  findings,  based  upon  a limited  number  of  examinations,  show 
93.1  per  cent  bacterial  improvement  resulting  from  storage  and 
filtration. 

Of  the  15  samples  of  raw  water  examined  bv  us  66.6  per  cent  con- 
tained the  colon  bacillus. 

Of  the  21  samples  from  the  filtered  water  reservoir  14.2  per  cent 
showed  the  colon  bacillus. 

Of  the  131  samples  of  tap  water  examined  17.5  per  cent  showed 
the  colon  bacillus. 

The  following  are  the  results  obtained  at  the  laboratory  of  the 
filtration  plant  for  the  same  period  (August  and  September),  based 
upon  examinations  made  daily  (except  Sunday) : 


Period. 

Dalecarlia. 

Geoi^e- 

town 

reservoir. 

W ash-  1 
ington 
City  res- 
ervoir. 

■ Filtered 
water 
reservoir. 

Inlet. 

Outlet. 

August  (number  of  bacteria  per  cc.) 

September  (number  of  bacteria  per  cc.) 

8,658  1 
422 

1,077 

245 

1,231 

136 

188 

133 

14 

14 

The  percentage  reduction,  according  to  these  figures,  is  99.9  per 
cent.  For  the  period  from  February  to  October,  1906,  the  reduction 
was  99.4  per  cent. 
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The  following  bacteriological  results  upon  the  colon  bacillus 
obtained  in  the  laboratory  of  the  filtration  plant  are  given  for  com- 
parison : 


July  16  to  Oct.  16. 

Quantity. 

Number 

positive. 

Per  cent 
positive. 

Dalecarlia  inlet 

cc. 

10.0 

10 

19 

1.0 

9 

17 

.1 

17 

33 

Dalecarlia  outlet 

10.0 

13 

25 

• 

1.0 

11 

21 

.1 

11 

21 

Georgetown 

10.0 

11 

21 

1.0 

12 

23 

.1 

8 

16 

Washington  City  reservoir 

10.0 

14 

19 

1.0 

13 

17 

.1 

•0 

0 

Filtered  water  reservoir 

10.0 

3 

4 

1.0 

1 

1 

Tap  water 

10.0 

6 

6 

1.0 

5 

4 

CHEMICAL  ANALYSES  OF  THE  POTOMAC  WATER  SUPPLY. 

The  following  are  the  results  of  the  chemical  analyses  of  the  water 
of  the  several  reservoirs  and  storage  basin  for  the  period  covered  by 
our  investigation,  viz,  from  July  30  to  September  27,  1906,  together 
with  a table  showing  the  improvement  in  parts  per  million  and  in  per 
cent  of  the  water  of  the  Potomac  River  accomplished  by  subsidence 
and  filtration: 

Averages  of  14  analyses  of  the  waters  of  the  reservoirs  and  storage  basin,  made  at  intervals 
of  3-4  days  to  1 week  from  July  30  to  September  21 , 1906. 


Name  of  reservoir. 

Turbid- 
ity .a 

Total  solids. 

Chlo- 

rine. 

Ammonia. 

Total 

residue. 

Mineral 

matter. 

V olatile 
matter. 

Free. 

Albumi- 

noid. 

Dalecarlia  inlet 

221.0 

203 

156 

47.1 

2.6 

0.024 

0.161 

Dalecarlia  outlet 

99.0 

163 

115 

4&0 

2.61 

.027 

.131 

Georgetown 

55.2 

160 

111 

49.0 

2.61 

.022 

.117 

Washington  City  (unfiltered) 

46.3 

141 

100 

41.0 

2.47 

.017 

.096 

Storage  basin  (filtered) 

4.6 

127 

88 

39.0 

2.53 

.015 

.054 

a Average  of  all  readings  made. 
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Averages  of  14  analyses  of  the  waters  of  the  reservoirs  and  storage  basin,  made  at  intervals 
of  3-4  days  to  1 week  from  July  30  to  September  27,  1906 — Continued. 


Name  of  reservoir. 

Nitrites. 

Nitrates. 

Dissolved 

oxygen. 

Per  cent 
of  satu- 
ration. 

Oxygen 

consumed. 

Dalecarlia  inlet 

0.0031 

0.61 

7.44 

89.6 

4.1 

Dalecarha  outlet 

.0051 

.57 

7.62 

92.4 

3.4 

Georgetown 

.0065 

.60 

7.44 

90.0 

3.3 

Washington  City  (unfiltered) 

.0056 

.61 

7.60 

90.0 

3.0 

Storage  basin  (filtered) 

.0003 

.67 

5.87 

71.4 

2.0 

Chemical  improvement  of  Potomac  water  as  the  result  of  subsidence  and  filtration. 


[Compiled  from  analyses  made  in  the  division  of  chemistry  of  the  Hygienic  Laboratory,  covering  a period 

of  11  weeks,  from  July  16  to  September  28,  1906.] 


Turbid- 

ity. 

Total  solids. 

Chlo- 

rine. 

Ammonia. 

Total 

residue. 

Mineral 

matter. 

V olatile 
matter. 

Free. 

Albumi- 

noid. 

Dalecarha  inlet 

221.0 

203.0 

156. 0 

47.1 

2.6 

0.024 

0.161 

Storage  basin 

4.6 

127.0 

88.0 

39.0 

2.53 

.015 

.054 

Improvement  in  parts  per  million  . . 

216.4 

76.0 

68.0 

8.1 

^ .07 

.009 

.107 

Improvement  in  per  cent 

97.9 

37.4 

43.  5 

17. 1 

2.7 

37.5 

• 66.0 

Nitrites. 

Dissolved 

oxygen. 

Per  cent 
of  satu- 
ration. 

Oxygen 

consumed. 

Dalecarha  inlet, 

Storage  basin 

Improvement  in  parts  per  million 

0.0031 

.0003 

.0028 

90.0 

7.44 

5.87 

89.6 

71.4 

4.1 
2.0 

2.1 
51.0 

Improvement  in  per  cent 

Dissolved  oxygen  consumed  in  oxidation,  21  per  cent. 

THE  RELATION  OF  THE  POTOMAC  RIVER  WATER  TO  TYPHOID 

FEVER. 


The  t}^hoid  fever  bacillus  has  never  been  isolated  from  the  Poto- 
mac River  water.  We  therefore  have  no  direct  evidence  to  prove  or 
disprove  that  some  of  the  infection  may  or  may  not  be  water  borne. 
We  must,  then,  satisfy  ourselves  for  the  present  with  certain  indirect 
evidence  bearing  upon  this  important  question. 

Despite  the  improvement  in  the  water,  due  to  storage,  sedimenta- 
tion, and  filtration,  no  appreciable  change  in  the  typhoid  situation  is 
apparent. 

Water-borne  epidemics,  due  to  concentrated  and  quickly  trans- 
ferred infection,  may  occur  at  any  time  of  the  year,  particularly  in  the 
spring  and  late  fall.  Such  epidemics  are  generally  characterized  by 
sudden  onset  and  sharp  decline.  Little  is  known  of  the  characteristics 
of  typhoid-fever  outbreaks  resulting  from  water  containing  greatly 
diluted  and  slowly  transferred  infection. 
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The  presence  of  typhoid  bacilli  in  great  dilution  and  perhaps  atten- 
uation may  not  have  the  power  of  directly  causing  the  disease  in  per- 
sons drinking  such  water.  Water,  however,  containing  an  occasional 
typhoid  bacillus  may  infect  a community  in  such  a way  that  large 
numbers  of  persons  become  bacillus-carriers.  With  the  advent  of 
the  hot  weather  many  such  persons  may  be  stricken  with  typhoid 
fever,  just  as  the  depressing  influence  of  the  heat  is  knovui  to  deter- 
mine the  onset  of  diarrheal  diseases  and  other  intestinal  infections. 
In  other  words,  the  presence  of  the  typhoid  bacillus  in  the  intestinal 
tract  has  not  always  the  power  of  causing  typhoid  fever.  We  must 
reckon  with  our  host.  The  dilute  and  attenuated  infection  in  the 
water  may  sow  the  seed;  for  the  production  of  the  disease  we  must 
have  susceptibility,  and  this  susceptibility  may  be  largely  brought 
about  by  the  diminished  resistance  caused  by  the  summer  heat.® 

We  are  totally  ignorant  of  the  number  of  bacilli  ordinarily  necessar}^ 
to  produce  the  disease.  It  is  reasonable  to  assume  that  water  con- 
taining the  typhoid  bacillus  in  great  dilution  may  sometunes  directly 
cause  the  disease  in  highly  susceptible  individuals.  On  this  assump- 
tion we  would  expect,  in  a community  in  which  the  great  majority  of 
the  population  drink  such  water,  the  cases  to  be  widely  scattered  and 
a very  small  proportion  of  the  people  to  have  the  disease.  Further,  we 
must  consider  that  the  occasional  and  perhaps  attenuated  t^^phoid 
bacillus  in  water  mav  increase  in  danger  and  virulence  bv  contamina- 
ting  milk  and  other  beverages  or  foods  that  are  favorable  media  for 
its  rapid  growth  and  multiplication. 

In  favor  of  the  view  that  the  Potomac  water  plays  an  important  part 
in  the  dissemination  of  typhoid  fever  in  Washington,  we  have  the  fol- 
lowing: 

The  uniform  distribution  of  the  disease  throughout  the  city,  indi- 
cating a common  medium,  such  as  water. 

The  great  majority  (96.5  per  cent)  of  the  cases  studied  gave  a his- 
tory of  having  drunk  unboiled  tap  water  within  thirty  days  prior  to 
the  onset  of  the  disease. 

The  majority  of  the  population  drink  unboiled  tap  water;  and  so, 
if  this  water  contains  typhoid  bacilli  in  dilute  suspension,  the  chances 
of  infection  reaching  the  susceptible  indhdduals  are  favored.  During 
the  year  1906  one  person  in  about  every  300  of  the  population  of  the 
District  of  Columbia  had  typhoid  fever  and  during  the  season  of 
greatest  prevalence  the  cases  which  occurred  during  each  half- 
monthly  period  were  widely  scattered  over  the  District.  (See  maps 
Nos.  1,  2,  3,  4,  5,  and  6.) 

“ This  same  hypothesis  also  applies  to  any  other  means  by  which  the  infection  is 
conveyed,  such  as  direct  and  indirect  contact. 
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Colon  bacilli  are  found  in  tbe  water.  These  organisms  are  usually 
taken  as  an  indication  of  sewage  pollution.  Sixty-six  and  six  tenths 
per  cent  of  the  1 5 samples  of  the  river  water  examined  contained  the 
colon  bacillus;  14.3  per  cent  of  the  21  samples  of  filtered  water,  and 
17.5  per  cent  of  the  131  samples  of  tap  water  examined  contained 
the  colon  bacillus  in  1 and  10  cc. 

It  is  evident,  therefore,  that  a certain  number  of  the  colon  bacilli 
in  the  raw  water  pass  the  storage  reservoirs  and  sand  filters.  There- 
fore it  seems  reasonable  to  assume  that  a certain  number  of  typhoid 
bacilli,  when  present  in  the  raw  water,  may  also  pass  into  the  tap 
water. 

The  Potomac  River  at  numerous  points  along  its  course  receives 
the  sewage  of  a number  of  thousands  of  persons. 

Some  of  the  typhoid  fever  in  the  District  in  former  j^ears  was 
apparently  traced  to  the  Potomac  River  water.  For  example,  the 
outbreak  in  Cumberland,  Md.  (December,  1889,  to  April,  1890),  was 
followed  by  an  increase  in  typhoid  fever  in  the  early  spring  in  Wash- 
ington. A sudden  decrease  in  the  Washington  death  rate  followed 
the  installation  of  the  Dalecarlia  reservoir  in  1895.  (See  p.  224.) 

The  tvnhoid  death  rate  for  1906 — that  is,  since  the  filtration  of  the 
water — was  49.3  per  100,000.  This  is  a much  higher  typhoid  death 
rate  than  is  usually  observed  for  large  American  and  European  cities 
having  water  supplies  of  undoubted  purity. 

Considering  that  there  were  due  to  contact  and  to  infected  milk 
twice  as  many  cases  as  we  were  able  to  attribute  fairly  definitely  to 
these  causes,  there  still  remains  about  half  of  the  cases  unaccounted 
for.  If  the  water  is  not  a factor  in  the  spread  of  the  infection,  then 
it  would  appear  that  some  unknown  agent  or  agents  for  the  dissem- 
ination of  the  infection  must  be  peculiarly  active  in  Washington. 

In  favor  of  the  view  that  the  Potomac  water  'plays  little,  if  any,  role  in 
the  dissemination  of  typhoid  fever  in  Washington,  we  hdve  the  following: 

The  improvement  in  the  water  supply  was  not  followed  by  an 
improvement  in  the  typhoid  fever  situation. 

Typhoid  fever  may  diffuse  itself  broadcast  throughout  a com- 
munity using  water  free  from  suspicion — the  so-called  ^‘prosodemic’’ 
type  of  Sedgwick  and  Winslow.® 

The  great  majority  of  the  population  of  Washington  drink  unboiled 
tap  water,  which  may  be  considered  as  diminishing  the  value  of  the 
suggestion  that  the  tap  water  is  a common  factor. 

The  colon  bacdlus  is  not  the  typhoid  bacillus,  and  the  sanitary 
significance  of  the  presence  of  colon  bacilli  in  amounts  less  than  Icc. 

® Sedgwick^  W.  T.,  and  Winslow,  C.  E.  A.  Statistical  Studies  on  the  Seasonal 
Prevalence  of  Typhoid  Fever,  etc.  Memoirs  of  the  Amer.  Acad,  of  Arts  and  Sciences, 
xii,  p.  568.  1902. 


TYPHOID  FEVEE  IX  DISTRICT  OF  COLUMBIA. 


33 


in  river  water  has  perhaps  been  exaggerated.  It  must  be  borne  in 
mind  that  many  colon  bacilli  in  a surface  water,  such  as  the  Potomac, 
derive  their  origin  from  the  intestinal  tracts  of  animals  other  than 
man. 

The  filtered  river  waters  of  Lavuence,  Albany,  Philadelphia,  etc., 
also  contain  a few  colon  bacilli,  and  the  total  number  of  bacteria  here 
compare  favorabl}^  with  the  number  found  in  the  effluents  of  the 
above-mentioned  cities.  Sand  filtration  of  the  above  river  waters, 
giving  a somewhat  similar  bacterial  effluent,  as  judged  by  the  total 
number  of  bacteria  and  the  colon  bacilli,  has  been  followed  by  a 
reduction  in  the  tj^hoid  death  rate. 

According  to  the  researches  of  Kinyoun  and  Sprague  in  1897,  the 
tap  water  contained  the  greatest  number  of  colon  bacilli  during 
September  and  October,  whereas  the  disease  during  that  year  pre- 
vailed to  the  greatest  extent  during  the  preceding  months. 

It  seems  that,  so  far  as  the  incomplete  records  are  obtainable, 
typhoid  fever  prevails  to  a great  extent  at  the  same  season  in  Wash- 
ington and  over  the  entire  watershed.  This  indicates  that  the  causes, 
whatever  the}"  may  be,  act  simultaneously  along  the  entire  course  of 
the  river. 

While  it  is  true  that  the  Potomac  receives  the  sewage  directly  of 
many  thousands  of  persons,  much  of  this  pollution  is  distant  and 
greatly  diluted.  Self-purification  takes  place  to  such  an  extent  that 
the  w"ater  at  the  intake  averages  comparatively  few  bacteria  per 
cubic  centimeter  the  year  round  compared  with  other  grossly  polluted 
streams  and  may  be  considered  of  fair  sanitary  quality  compared 
with  many  such  streams  used  for  drinking  purposes. 

It  is  probably  true  that  in  former  years  some  of  the  t}"phoid  fever 
in  Washington  was  due  to  infection  in  the  river  water;  but  in  view 
of  the  improvement  of  the  water  by  storage,  sedimentation,  and 
filtration,  it  would  seem  reasonable  to  suppose  that  the  danger  of 
infection  from  the  water  may  have  been  largely  eliminated. 

Typhoid  fever  in  Washington  is  mainly  a summer  disease.  There 
is  a great  and  sudden  increase  in  the  number  of  cases  with  the  advent 
of  hot  weather.  This  seasonal  prevalence  repeats  itself  year  after 
year  with  great  regularity.  If  the  bulk  of  the  infection  were  water- 
borne, it  would  seem  that  we  would  have  more  marked  irregularities 
of  the  curve  from  year  to  year,  as  is  seen  in  other  communities  where 
much  of  the  disease  is  plainly  due  to  highly  infected  water. 

The  seasonal  prevalence  of  typhoid  in  Washington  corresponds  to 
that  of  Boston,  New  York,  Baltimore,  and  other  cities  in  which  the 
water  is  believed  not  to  play  much  part. 

If  we  attribute  the  bulk  of  infection  to  imported  cases,  contacts 
and  milk,  then  it  would  not  be  necessary  to  consider  that  some  un- 
29643—07 3 
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known  agent  or  agents  causing  the  dissemination  of  the  disease  must 
be  peculiarly  active  in  Washington. 

The  high  death  rate  from  typhoid  fever  in  the  District  of  Columbia 
is  partly  accounted  for  by  the  fact  that  the  disease  is  more  fatal  in 
the  colored  than  in  the  white  race.  About  one-third  (90,000)  of  the 
population  are  colored.  During  the  period  1895  to  1906  the  relative 
average  death  rates  were — 

Per  100,000. 


White 47.  8 

Colored 78.  2 


Total 57.9 

The  death  rate  for  1906,  that  is,  since  the  filtration  of  the  water, 

was — 

Per  100,000. 

White 35.4 

Colored 83.1 


Total 49.3 

A t}^phoid  death  rate  of  about  20  to  25  per  100,000  in  the  larger 
cities  of  Massachusetts  has  been  attributed  to  causes  other  than 
infected  water  (prosodemic  t5W>hoid).  North  Adams,  with  a popu- 
lation of  about  25,000,  has  a "death  rate  of  39  per  100,000. 

Winnipeg,  with  artesian  water  of  exceptional  purity  as  its  princi- 
pal supply,  has  a death  rate  more  than  double  that  of  Wasliington. 
T}'phoid  fever  in  Winnipeg  is  also  a summer  disease. 

Communities  have  had  pronounced  epidemics  of  t3zphoid  fever  in 
which  the  water  is  reported  to  have  played  no  appreciable  part.  The 
same  is  true  of  army  encampments. 

So  far  as  typhoid  fever  is  concerned,  it  seems  that  Washington  may 
be  classed  vdth  the  southern  cities,  where  this  disease  is  either  unu- 
sually  prevalent  or  unusually  vhulent,  as  indicated  by  the  high 
death  rates. 


Death  rates  yer  100,000  of  population  of  various  southern  cities  from  typhoid  fever — Average 

for  a period  of  five  years. 


Alexandria,  Va.. 

Atlanta,  Ga 

Charleston,  S.  C. 
Jacksonville,  Fla 
Kansas  City,  Mo. 
Key  West,  Fla. . . 
Lynchburg,  Ya.. 
Memphis,  Tenn.. 

Mobile,  Ala 

New  Orleans,  La. 
Norfolk,  Ya 


[From  United  States  census  reports.] 


67.26 
69.54 
84.38 
74. 15 
48.50 
47.92 

99.22 

45.22 
68.34 
44.  90 
54.  52 


Paducah,  Ky 

Petersburg,  Ya 

Ealeigh,  N.  C 

Eichmond,  Ya 

San  Antonio,  Tex 

Savannah,  Ga 

Ymshington,  D.  C 

For  1906 

Y'heeling,  Y".  Ya. 
Y'ilmington,  N.  C 


82.08 
92.  62 
75.  28 
71.16 
57.  38 
49.30 
63.20 
49.  30 
87.40 
82.52 
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In  view  of  the  foregoing,  it  is  evident  that  at  the  present  time  it  is 
not  possible  to  present  conclusive  proof  as  to  the  part  played  by 
the  Potomac  River  water  in  the  spread  of  typhoid  fever  in  the  Dis- 
trict of  Columbia.  Therefore,  the  board  reserves  final  decision  on 
this  subject  until  investigations,  now  in  progress  at  the  Hygienic 
Laboratory,  have  been  completed. 

Although  views  may  differ  concerning  the  relative  part  played  by 
water,  milk,  contacts,  and  other  factors  in  the  spread  of  typhoid 
fever,  there  is  a general  agreement  that  the  successful  control  of  the 
disease  lies  in  destroying  the  infection  as  it  leaves  the  body;  that  is, 
we  must  try  to  prevent  the  infection  of  our  food  and  drink  and  our 
environment. 

Finally,  it  must  be  borne  in  mind  that  the  t^’phoid  problem  in 
Washington  does  not  differ  radically  from  that  of  manj^  other  com- 
munities. It  is  part  of  a world-wide  problem.  The  disease  is 
endemic  throughout  the  length  and  breadth  of  our  large  country  and 
prevails  to  a greater  or  less  extent  in  almost  every  civilized  commu- 
nity. There  is  a constant  interchange  of  infection  through  social 
and  commercial  intercourse.  The  situation  in  Wasliington  has 
therefore  been  considered,  not  only  with  regard  to  local  conditions, 
but  also  in  relation  to  studies  that  have  been  made  upon  the  disease 
in  other  cities  and  in  other  countries. 


l.-EPIDEMIOLOGY. 


EPIDEMIOLOGY. 


In  the  study  of  the  prevalence  of  typhoid  fever  in  the  District  of 
Columbia  we  investigated  all  cases  reported  to  the  health  office  dur- 
ing the  period  from  June  1 to  November  1,  1906,  a total  of  868  cases. 
It  was  not  practicable  for  us  to  study  the  cases  in  clinical  detail  and 
generally  the  diagnosis  as  made  b}^  the  attending  physician  was 
accepted;  however,  the  histories  of  two  cases  pointed  so  strongly 
against  their  being  typhoid  fever  that  they  were  eliminated,  leaving 
866  cases  for  consideration  in  this  report. 

At  the  beginning  of  our  studies  of  t}^phoid  fever  the  correct  diag- 
nosis of  cases  was  appreciated  to  be  of  first  importance.  With  this 
in  view  the  following  circular  letter  was  addressed  to  all  the  physi- 
cians in  the  District  of  Columbia. 

Public  Health  and  Marixe-Hospital  Service, 

Hygienic  Laboratory, 
Washington,  July  14,  1906. 

My  Dear  Doctor:  In  view  of  the  prevalence  of  typhoid  fever  in  the  District  of 
Columbia,  the  United  States  Public  Health  and  Marine-Hospital  Service,  with  the 
cooperation  of  the  health  department  of  the  District  of  Columbia,  has  undertaken  an 
investigation  of  the  origin  and  prevalence  of  this  disease.  The  undersigned  board  of 
officers  of  the  Service  has  been  appointed  by  the  Surgeon-General,  with  the  approval 
of  the  Secretary  of  the  Treasury,  to  conduct  this  investigation. 

It  is  our  desire  to  make  the  investigation  as  thorough  and  comprehensive  in  its  scope 
as  the  means  at  our  disposal  and  circumstances  will  permit,  and  we  hope  to  secure  your 
active  aid  and  cooperation. 

We  shall  be  glad  to  make  Widal  tests,  blood  cultures,  and  Diazo  tests  in  any  cases 
that  you  desire.  We  are  also  authorized  to  make,  for  registered  physicians,  bacterio- 
logical and  chemical  examinations  of  water,  milk,  and  other  possible  sources  of  typhoid 
infection. 

All  of  these  tests  and  examinations  will  be  made  free  of  cost  at  the  Hygienic  Labora- 
tory, Twenty-fifth  and  E streets  NW, 

Very  respectfully,  M.  J.  Rosenau, 

Director  Hygienic  Laboratory . 

J.  H.  Kastle, 

Chief,  Division  of  Chemistry. 

L.  L.  Lumsden, 

Passed  Assistant  Surgeon. 

This  letter  met  with  a cordial  response  and  had  the  twofold  effect 
of  bringing  us  in  closer  touch  with  the  situation  and  of  aiding  in  the 
diagnosis  of  doubtful  cases. 
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In  our  study  of  cases  the  following  blank  form  was  used,  and  all  the 
facts  called  for  by  this  form  minutely  investigated  for  each  case. 

United  States  Public  Health  and  Marine- Hospital  Service — Hygienic  Laboratory. 

Typhoid  peter — Case  card. 

Name, . Date  of  investigation,  — — . Case  No. . 

Age,  . Male  or  female,  . White  or  colored,  . Married  or  single, 

. Probable  date  onset  of  disease,  . Date  definite  s^miptoms,  . 

Name  and  address  of  physician, . 


RESIDENCE. 

Eesidence  when  taken  sick, ; from to . 

Previous  residences, ; from to . 

Subsequent  residence, ; from to . 

Eesidence  when  infection  was  contracted, . Aumber  of  occupants, 

Ser^nnts,  — — . 

White — 

Eesident, . 

Xonresident, . 

Colored — 

Eesident, . 

Nonresident, . 

Connected  with  city  water  system? . 

Connected  with  city  sewerage  system? . 

Privy? . Location, . 

Privy  vs.  well, . 

Water-closets  in  house? . Water-closets  in  yard? . 

Screens?  . Flies?  . Mosquitoes?  . Ants?  . Eoaches? 

Bedbugs,  . Eats?  . Mice? . Other  vermin? . 

General  sanitary  condition, . 

OCCUPATION. 


Place, ; from to . 

Drinking  water, . Sewage, . Other  cases, . Flies,  etc.,  — 

WATER. 

Kind  used  thirty  days  prior  to  onset  of  illness: 

Boiled, . Filtered,  . Bottled, ; kind, . Soda  water, 

where, . 

Ice: 

Source, . In  or  for  drinking, . 

FOOD. 

MTiere  taken  thirty  days  prior, . 

Milk,  thirty  days  prior, ; from . Boiled,  — — . Pasteurized,  — ^ — 

Ice  cream, . 

Milk  used  since  illness;  from . Bottles, . 

Plncooked  fruits  and  vegetables,  thirty  days  prior, ; from — . 

Oysters,  . Clams,  . Crabs,  . , Lobsters,  . Other  shellfish, 

Fresh- water  fish  (Potomac), . 
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CONTACTS. 

Cases  in  house  (six  months  prior), . Cases  in  house  near  by  (six  months  prior), 

. Association  with  infection, . 


MISCELLANEOUS. 

Domestic  animals  on  premises:  Dogs, . Cats, . Cows, . Horses, 

Guinea  pigs, . Birds, . Other  animals, . 

Disposal  of  feces  and  urine, . 

Other  means  to  prevent  spread  of  infection: 

SUMMARY. 

Remarks:  . 


(Signature  of  investigator.) 

All  residences  within  the  District  of  Columbia  from  which  cases 
were  reported  were  visited  and  inspected.  The  data  relative  to  food, 
drink,  etc.,  for  the  thirty  da}^s  prior  to  the  onset  of  illness  were 
obtained  b}^  carefully  questioning  the  patients  themselves  when  their 
condition  permitted  it,  also  their  relatives,  and  other  persons  acquainted 
with  the  patients’  habits.  In  many  instances  it  was  necessary  to 
make  several  visits  to  a home  in  order  to  gather  all  of  the  data  desired 
for  a given  case.  Statistics  based  upon  statements  obtained  in  this 
manner  are  subject  to  a certain  amount  of  error;  }^et  by  exercising 
care  and  patience  it  was  endeavored  to  reduce  this  error  to  a mini- 
mum. The  great  interest  taken  by  the  people  of  the  District  of 
Columbia  in  the  t}q)hoid-fever  situation  made  the  conditions  favor- 
able for  obtaining  full  and  correct  information.  Of  the  large  number 
of  persons  interviewed  in  regard  to  cases,  there  were  only  two  or 
three  who  did  not  show  an  apparent  desire  to  aid  us  all  they  could  in 
the  investigation,  and  in  only  one  instance  was  a sanitary  inspection 
of  the  premises  refused. 

Of  the  866  cases  studied,  the  following  data  relative  to  sex,  race, 
age,  etc.,  were  obtained: 

SEX. 

Four  hundred  and  sixty-six  cases  occurred  in  males  and  400  cases 
in  females.  According  to  the  police  census  taken  during  the  spring 
of  1906  the  population  of  the  District  of  Columbia  consists  of  157,303 
males  and  169,132  females,  a total  of  326,435  persons.  Thus,  while 
the  males  compose  48.18  per  cent  and  the  females  51.81  per  cent  of 
the  population,  53.81  per  cent  of  the  cases  reported  were  among 
males  and  46.18  per  cent  were  among  females,  showing  a some- 
what higher  typhoid-fever  morbidity  among  the  males  than  among 
the  females.  Two  conditions,  no  doubt,  contribute  to  the  higher  rate 
among  the  males;  first,  due  to  habits  of  occupation,  etc.,  men  are 
more  exposed  to  infection,  and,  secondly,  during  the  summer  months, 
when  the  disease  is  most  prevalent  in  Washington,  a relatively  larger 
number  of  women  than  men  leave  the  city. 
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RACE. 

Five  hundred  and  eighty-eight  cases  were  among  whites  and  278 
among  negroes.  According  to  the  police  census  for  the  spring  of  1906 
there  were  in  the  District  of  Columbia  95,018  negroes.  Thus  negroes 
compose  29.10  per  cent  of  the  population,  while  the  cases  of  typhoid 
fever  among  them  composed  32.10  per  cent  of  the  total  number 
studied. 

The  higher  rate  for  the  period  among  the  negroes  possibly  may  be 
accounted  for  by  the  larger  proportion  of  the  colored  population 
remaining  in  the  city  during  the  summer  months.  As  is  shown  by 
the  reports  of  the  health  officer  of  the  District  of  Columbia  when 
longer  periods  of  time,  such  as  a calendar  year,  are  considered,  the 
typhoid  fever  morbidity  rate  of  the  whites  is  usually  higher  than  that 
of  the  colored.  The  law  requiring  cases  of  typhoid  fever  in  the  Dis- 
trict of  Columbia  to  be  reported  was  not  enacted  until  February,  1902. 
During  the  period  from  February  26  to  December  31,  1902,  there 
were  reported  5.12  white  cases  for  each  1,000  of  white  population  and 
5 colored  cases  for  each  1,000  of  colored  population.  During  the 
calendar  year  1903  the  rate  was  3.78  per  1,000  for  the  white  and  3.08 
per  1,000  for  the  colored  race;  during  1904,  3.29  for  the  white  and 
2.88  for  the  colored;  during  1905,  3.5  for  the  white  and  3.13  for  the 
colored. 

While  the  incidence  of  the  disease  during  each  year  of  which 
we  have  statistics  is  less  on  the  colored  population  than  on  the  white, 
the  death  rate,  as  shown  in  Table  No.  1,  page  58,  is  higher  among  the 
colored.  The  lower  morbidity  rate  reported  among  members  of 
the  colored  race  may  be  due  to  a relatively  smaller  number  of  cases 
among  them  being  recognized  and  reported  as  typhoid,  while  the 
higher  mortality  rate  may  be  due  to  the  less  favorable  conditions 
under  which  cases  in  the  colored  race  are  generally  treated.  How- 
ever, it  is  possible  that  members  of  the  colored  race,  due  to  tissue 
peculiarities,  are,  when  equally  exposed,  less  susceptible  to  the  infec- 
tion than  are  whites,  but  when  the  disease  is  contracted  they 
offer  less  resistance  to  its  progress  and  consequently  succumb  more 
readily. 

When  we  consider  the  large  number  of  negroes  in  Washington  living 
in  crowded  and  generally  insanitary  courts  and  alleys,  we  would 
expect  that  if  contact  and  flies  play  a very  great  part  in  the  transmis- 
sion of  typhoid  fever  in  the  District  of  Columbia  there  would  be  more 
cases  relatively  among  the  negro  population  than  among  the  white 
population  of  the  city.  The  contrary,  however,  seems  to  be  the  case. 
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AGE. 

The  following  table  gives  the  ages  of  the  cases  arranged  according 
to  sex.  The  youngest  case  was  8^  months  and  the  oldest  68  years. 
By  decades  140  of  the  cases  were  under  10  years,  278  between  10  and 
20  years,  259  between  20  and  30  years,  118  between  30  and  40  years, 
47  between  40  and  50  years,  and  24  over  50  years. 

Age,  sex,  and  number  of  cases. 


Years. 


0-  4 inclusive 
5-  9 inclusive 
10-14  inclusive 
15-19  inclusive 
20-24  inclusive 
25-29  inclusive 
30-34  inclusive 
35-39  inclusive 
40-44  inclusive 
45-49  inclusive 
50-54  inclusive 
55-59  inclusive 
60-64  inclusive 
65-69  inclusive 

Total . . . 


Male. 

Female. 

Total. 

19 

13 

32 

53 

55 

108 

75 

56 

131 

82 

65 

147 

79 

64 

143 

57 

59 

116 

41 

34 

75 

21 

22 

43 

13 

11 

24 

15 

8 

23 

5 

5 

10 

5 

5 

10 

0 

0 

0 

1 

3 

4 

466 

400 

866 

IMPORTED  CASES. 

In  determining  whether  the  infection  in  a given  case  was  con- 
tracted in  or  out  of  the  District  of  Columbia,  the  whereabouts  of  the 
person  during  the  thirty  days  prior  to  the  onset  of  the  first  symptoms 
were  considered  and  the  incubation  period  of  the  disease  recognized 
as  being  about  from  eight  to  twenty-five  days.  In  many  instances 
where  persons  spent  a part  of  this  time  out  of  the  District  it  was  not 
possible  to  determine  positively  whether  the  infection  was  contracted 
in  or  out  of  the  District,  and  therefore  the  cases  were  considered 


under  the  following  heads: 

Cases. 

(а)  Infection  undoubtedly  contracted  out  of  the  District  of  Columbia 80 

(б)  Infection  probably  contracted  out  of  the  District  of  Columbia 32 

(c)  Infection  contracted  in  or  out  of  the  District  of  Columbia  (chances  about 

equal) 34 

(d)  Infection  probably  contracted  in  the  District  of  Columbia 32 

(e)  Infection  undoubtedly  contracted  in  the  District  of  Columbia 681 

(/)  No  information  regarding  whereabouts  obtainable • 7 


Total 866 


As  the  number  who  actuallv  contracted  the  infection  out  of  the 

c/ 

District  can  not  be  determined  with  absolute  accuracy,  the  fairest 
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estimate  seems  to  be  one  based  on  the  percentage  of  chances  of  con- 
tracting the  infection  out  of  the  District  for  the  number  of  cases  under 
each  of  the  above  heads  as  follows: 

Cases. 


(a)  80  cases,  chances  100  per  cent 80 

(b)  32  cases,  chances  75  per  cent 24 

(c)  34  cases,  chances  50  per  cent 17 

(d)  32  cases,  chances  25  per  cent 8 

(e)  681  cases,  chances  0 per  cent 0 

(/)  7 cases,  chances  (?)  per  cent (?) 


866  Total 129 


On  this  estimate,  and  eliminating  the  seven  cases  about  which  no 
information  regarding  whereabouts  during  thirty  days  prior  to  onset 
of  illness  was  obtained,  15.01  per  cent  of  the  cases  investigated 
contracted  the  infection  out  of  the  District  of  Columbia. 

No  attempt  was  made  to  make  a detailed  epidemiological  investi- 
gation of  the  cases  which  contracted  the  infection  out  of  the  District. 
Therefore  most  of  the  following  data  apply  to  the  747  cases  comprised 
under  (c),  (d),  and  (e)  of  the  above  classifications. 

PREVALENCE. 

In  Table  II,  page  58,  is  shown  the  cases  according  to  date  of 
definite  onset.  As  the  cases  studied  were  those  reported  from 
June  1 to  October  31,  inclusive,  this  table  does  not  include  all  of  the 
cases  that  actually  occurred  in  May  and  in  the  latter  half  of  October,  as 
some  of  these  were  reported  prior  to  June  1 or  subsequent  to  October 
31.  But  all  of  the  cases  having  a definite  onset  during  the  period 
extending  from  June  1 to  about  October  15  are  embraced  in  the  table. 
The  actual  time  at  which  the  infection  was  contracted  could  probably 
be  more  accurately  calculated  if  the  date  of  the  occurrence  of  the  first 
slight  symptoms  could  be  ascertained  definitely  for  each  patient,  but 
after  the  interval  of  two  or  three  weeks,  which  usually  had  elapsed 
between  the  onset  of  the  disease  and  the  investigation  of  the  case,  the 
memory  of  the  patients,  their  relatives,  or  friends  often  was  not  clear 
as  to  the  date  on  which  the  patient  began  to  have  feelings  of  lassitude, 
slight  headache,  or  other  mild  symptoms,  while  the  date  on  which  the 
patient  was  taken  with  definite  symptoms,  such  as  a rigor,  severe 
headache,  etc.,  or  on  which  he  had  to  take  to  bed  usually  would  be 
remembered  with  fair  distinctness.  In  the  investigation  we  endeav- 
ored to  obtain  both  the  date  of  occurrence  of  the  very  first  symptoms 
and  the  date  of  definite  symptoms,  but  as  the  statements  regarding 
the  former  were  in  so  many  instances  vague  and  unsatisfactory,  the 
date  of  the  onset  of  definite  symptoms  has  been  used  in  the  tables, 
charts,  etc.,  in  this  report.  By  going  back  about  three  weeks  from 
the  date  of  onset  of  definite  symptoms  as  given,  the  date  on  which 
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the  infection  was  contracted  probably  will  be  approached  with  a fair 
deo^ree  of  accuracy. 

o V/- 

The  following  table  shows  the  progress  of  the  disease  based  upon 
the  date  of  onset: 

Cases. 


May  1 to  15  (incomplete) 6 

May  16  to  31  (incomplete) 16 

June  1 to  15  (complete) 32 

June  16  to  30  (complete) 32 

July  1 to  15  (complete) 101 

July  16  to  31  (complete) 131 

August  1 to  15  (complete) 139 

August  16  to  31  (complete) 70 

September  1 to  15  (complete) 59 

September  16  to  30  (complete) 41 

October  1 to  15  (complete) 98 

October  16  to  31  (incomplete) 22 


Total 747 


In  considering  the  occurrence  of  cases  by  these  periods,  the  striking 
features  are  the  sudden  rise  in  the  early  part  of  July,  the  continued 
high  rate  to  about  the  middle  of  August,  and  the  marked  fall  in  the 
rate  between  the  middle  and  last  of  August  (see  charts  Xos.  1 and  2). 
This  decrease  in  the  rate  continued  through  September.  In  the  early 
part  of  October  the  rise  was  due  largely  to  the  milk  outbreak  among 
the  customers  of  milk  dealer  Xo.  4.  (See  Chart  Xo.  3.) 

If  the  first  s^miptoms  of  the  disease  appear  about  two  weeks  after 
the  infection  is  contracted  and  are  followed  by  symptoms  of  defi- 
nite onset  about  a week  later,  then  the  causes  which  operated  to 
effect  the  rate  must  have  become  greatest  about  June  10  and  con- 
tinued until  about  July  25,  when  they  suddenly  and  markedly 
decreased.  This  decrease  in  the  causes,  which  occurred  in  the  latter 
part  of  July  and  continued  through  August,  is  one  of  the  most  remark- 
able facts  brought  out  in  the  course  of  our  studies,  and  it  is  difficult 
to  explain  why  a decrease  in  the  causes  should  have  taken  place  at 
this  season,  which  seemed  most  favorable  to  many  of  the  factors 
which  spread  the  infection  of  typhoid  fever,  such  as  flies,  contacts,  etc. 

The  possibility  of  a prolonged  period  of  incubation  in  some  cases 
must  be  borne  in  mind.  It  has  occurred  to  us  that  perhaps  a cer- 
tain number  of  persons  contract  the  infection  earlier  in  the  year 
and  c^rry  the  bacilli  in  their  intestinal  tract,  but  do  not  show  symp- 
toms of  the  disease  until  subjected  to  the  depressing  influences  of 
the  hot  weather,  which  usually  occurs  in  Washington  early  in  July. 

Maps  Xos.  1,  2,  3,  4,  5,  6,  and  7 show  the  distribution  of  cases 
according  to  place  of  residence  when  the  disease  was  contracted. 
The  general  distribution  of  the  cases  throughout  the  District  of 
Columbia  during  each  of  the  periods  is  striking. 
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The  occurrence  of  deaths  from  typhoid  fever  in  the  District  of 
Columbia,  as  reported  to  the  health  officer  from  May  1 to  December 
31,  1906,  was  as  follows: 


May — 

1 to  15 3 

16  to  31 7 

June — 

ltol5 4 

16  to  30 5 

July — 

1 to  15 9 

16  to  31 12 

August — 

1 to  15 10 

16  to  31 22 


September — 

1 to  15 15 

16  to  30 6 

October — 

ltol5 10 

16  to  31 17 

November — 

1 to  15 10 

16  to  30 8 

December — 

1 to  15 1 

16  to  31 3 


A comparison  of  this  table  with  the  one  above,  showing  the  progress 
of  the  disease  based  on  the  date  of  onset,  shows  that  the  typhoid 
fever  death  rate  does  not  indicate  in  detail  the  progress  of  the 
causes  of  the  disease  chronologically  and  emphasizes  the  importance 
in  the  study  of  a typhoid  fever  situation  of  determining  the  rate 
of  occurrence  of  cases  by  date  of  onset  of  illness. 


SANITARY  CONDITION  OF  RESIDENCES. 

The  general  sanitary  condition  of  the  residences  at  which  patients 
had  lived  when  the  infection  probably  was  contracted  were  consid- 
ered under  four  heads:  ^^Good,”  Fairly  good,’’  Rather  bad,” 
and  ^^Bad.”  Under  ^^Good”  are  included  residences  at  which  all 
the  conditions  such  as  structure  of  house,  state  of  cleanliness,  venti- 
lation, plumbing,  etc.,  were  good;  under  “Fairly  good”  residences 
at  which  most  of  the  conditions  were  good,  but  with  one  or  more 
somewhat  faulty — ^for  example,  a residence  with  everything  in  good 
condition  except  for  a somewhat  damp  and  rather  poorly  ventilated 
cellar  or  basement  would  be  classed  as  “Fairly  good;”  under  “ Rather 
bad”  were  included  those  with  one  condition  faulty  or  several  some- 
what faulty;  while  under  “Bad”  were  included  those  with  one  or 
more  very  faulty  or  with  all  the  conditions  somewhat  faulty. 

The  sanitary  conditions  of  the  residences  were  as  follows: 


Good 253 

Fairly  good 243 

Rather  bad 158 

Bad 92 

Not  determined 1 


Total 747 


These  figures  show  that  the  disease  certainly  did  not  prevail  to 
any  unusual  extent  among  persons  living  under  poor  sanitary  con- 
ditions. On  the  contrary,  it  seemed  to  be  more  prevalent  among 
persons  living  in  residences  of  the  better  class. 
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Cellar  or  hasement  at  residence. 


No  cellar  or  basement 359 

Cellar  in  good  condition 46 

Cellar  damp,  but  otherwise  good 43 

Cellar  damp  and  poorly  A'entilated 58 

Basement  in  good  condition 124 

Basement  damp,  but  otherwise  good 64 

Basement  damp  and  poorly  ventilated 20 

Cellar  or  basement  not  noted* 33 


Total 747 


DISPOSAL  OF  SEWAGE. 

Of  the  747  cases  671  lived  at  residences  connected  with  the  city 
sewerage  S37-stem  and  at  which  there  were  water-closets,  72  lived  at 
residences  not  connected  with  the  city  sewerage  s^^stem  and  at  which 
there  were  prunes,  2 at  residences  not  connected  with  the  city  sew- 
erage s^rstem  and  at  which  there  were  neither  water-closets  nor 
privies,  and  1 at  a residence  not  connected  vdth  the  city  sewerage 
s^^stein,  but  havuig  water-closets  which  discharged  into  a cesspool. 
One  was  at  a residence  where  the  method  of  disposing  of  sewage  was 
not  noted. 

Of  the  cases  Ihdng  at  residences  connected  with  the  city  sewerage 
system  240  were  at  residences  having  water-closets  in  the  house  only, 
257  at  residences  having  water-closets  in  the  yard  only,  and  174  at 
residences  having  water-closets  in  both  house  and  }^ard.  Thirty-two 
of  the  cases  occurred  at  residences  where  seepage  from  the  privies 
into  the  well  or  spring  appeared  to  be  possible. 

SCREENS. 

Two  hundred  and  sixty  cases  occurred  among  persons  living  in 
houses  that  were  well  screened,  390  in  houses  that  were  not  screened, 
94  in  houses  that  were  screened  in  part,  and  3 in  houses  where  the 
screening  was  not  noted. 

INSECTS  AND  VERMIN. 

FLIES. 

Eleven  cases  occurred  among  persons  living  in  houses  where  there 
were  practically  no  flies,  287  in  houses  where  there  were  few,  367  in 
houses  where  there  were  flies  in  moderate  number,  40  in  houses 
where  there  were  many,  39  in  houses  where  they  were  swarming, 
and  3 in  houses  where  the  number  was  not  noted. 
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MOSQUITOES. 

Twenty-six  cases  occurred  among  persons  living  in  houses  where 
there  were  no  mosquitoes,  263  in  houses  where  there  were  few,  381 
in  houses  where  there  were  mosquitoes  in  moderate  number,  65  in 
houses  where  there  were  many,  and  12  in  houses  where  the  number 
was  not  noted. 

ANTS. 

Three  hundred  and  nine  cases  occurred  among  persons  living  in 
houses  where  there  were  no  ants,  155  in  houses  where  there  were  few, 
249  in  houses  where  there  was  a moderate  number,  20  in  houses  where 
there  were  many,  and  14  in  houses  where  the  number  was  not  noted. 

ROACHES. 

Two  hundred  and  two  cases  occurred  among  persons  living  in 
houses  where  there  were  no  roaches,  151  in  houses  where  tDere  were 
few,  332  in  houses  where  there  was  a moderate  number,  29  in  houses 
where  there  were  many,  and  33  in  bouses  where  the  number  was  not 
determined. 

BEDBUGS. 

Two  hundred  and  sixty-one  cases  occurred  among  persons  living 
in  houses  where  there  were  no  bedbugs,  100  in  houses  where  there 
were  few,  324  in  houses  where  there  was  a moderate  number,  13  in 
houses  where  there  were  many,  and  49  in  houses  where  the  number 
was  not  determined. 

RATS  ON  PREMISES.  , ' 

Three  hundred  and  seventy-five  cases  occurred  among  persons 
living  in  houses  where  there  were  no  rats,  49  at  houses  where  there 
were  few,  301  at  houses  where  they  were  in  moderate  numbers,  11  at 
homes  where  there  were  many,  and  11  at  homes  where  the  number 
was  not  determined. 

MICE. 

Three  hundred  and  thirty-seven  cases  occurred  among  persons 
living  in  houses  where  there  were  none,  121  in  houses  where  there  were 
few,  270  in  houses  where  they  were  in  moderate  numbers,  5 in  houses 
where  there  were  many,  and  14  in  houses  where  the  number  was  not 
determined. 

In  obtaining  these  data  in  regard  to  insects,  rats,  and  mice,  etc.,  as 
much  as  possible  was  learned  by  inspection,  and  for  the  remainder 
the  statements  of  persons  living  at  the  residence  were  accepted. 
Most  of  the  cases  investigated  occurred  in  a period  when  the  average 
temperature  was  high  and  the  rainfall  great — conditions  probably 
.favorable  to  most  insect  life  and  also  tending  to  cause  large  numbers 
to  remain  in  houses. 
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DOMESTIC  ANIMALS  ON  PREMISES. 

One  hundred  and  ninety-seven  cases  occurred  among  persons  living 
at  houses  where  there  were  dogs,  266  cases  at  houses  where  there  were 
cats,  8 at  houses  where  there  were  guinea  pigs,  7 at  houses  where  there 
were  rabbits,  1 at  houses  where  there  were  pet  mice,  36  at  houses 
vdiere  there  were  horses,  7 at  houses  where  there  were  cows,  5 at 
houses  where  there  were  hogs,  2 at  houses  where  there  were  goats,  133 
at  houses  where  there  were  chickens,  3 at  houses  where  there  were 
ducks,  1 at  houses  where  there  were  turkeys,  32  at  houses  where 
there  were  canary  birds,  1 at  houses  where  there  were  mocking  birds, 
and  1 at  houses  where  there  were  parrots. 

To  discuss  what  part,  if  any,  in  the  spread  of  the  infection  was 
played  by  domestic  animals  would  be  mere  speculation.  In  some 
instances,  where  cats  were  seen  lounging  in  water-closets  on  the  seats 
soiled  with  feces,  and  into  which  closets  the  stools  of  typhoid  fever 
patients  were  being  emptied  from  time  to  time  vdthout  previous 
disinfection,  the  possibility  of  cats  conveying  the  infection  was 
recognized.  In  three  cases  histories  were  given  that  the  patients, 
withm  two  or  three  weeks  before  they  became  ill,  were  taking  care  of 
pet  cats  which  had  sickened  and  died  of  some  disease  the  nature  of 
which  had  not  been  recognized. 

In  one  case  the  patient,  during  the  thirty  days  just  prior  to  onset 
of  illness,  handled  pigeons  which  had  died  of  an  epidemic  disease. 

FRUITS  AND  VEGETABLES. 

In  only  401  cases  could  positive  statements  regarding  the  eating  of 
uncooked  vegetables  be  obtained.  Of  these,  302  were  stated  to  have 
eaten  uncooked  vegetables,  such  as  tomatoes,  lettuce,  or  celery,  and  99 
not  to  have  done  so. 

On  account  of  the  complex  condition  of  the  provision  business  in 
the  District  of  Columbia  it  was  not  possible  to  trace  the  fruits  and 
vegetables  used  by  the  cases  investigated  to  any  particular  farm  or 
place. 

The  free  exposure  to  flies  of  fruits  and  vegetables  in  the  stalls  of 
the  large  markets  of  Washington  was  noted.  The  possibility  of 
foodstuffs,  not  only  fruits  and  vegetables  but  also  meats,  becoming 
infected  by  flies,  etc.,  must  be  kept  in  mind. 

29643—07 4 
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SHELLFISH  AND  FBESH-WATER  FISH. 

The  following  table  shows  the  number  of  patients  who  ate  shellfish 
or  fresh-water  fish  from  time  to  time  vuthin  the  thirty  days  prior  to 
the  onset  of  illness: 


Yes. 

No. 

Not 

stated. 

Oysters 

60 

655 

32 

Clams 

64 

647 

36 

Lobsters 

8 

708 

31 

Crabs 

190 

516 

41 

Fresh- water  fish 

205 

504 

38 

For  42  cases  positive  statements  were  given  that  no  shellfish  nor 
fresh-water  fish  of  any  kind  were  eaten. 

These  data  indicate  that  shellfish  could  not  have  been  the  means  of 
transmitting  the  infection  to  any  considerable  number  of  cases. 

The  small  number  of  patients  who  gave  a history  of  having  eaten 
oysters  is  accounted  for  by  the  fact  that  the  cases  studied  occurred 
between  May  1 and  October  31,  during  which  period  comparatively 
few  ovsters  are  eaten  in  the  District  of  Columbia. 

WATER. 

Of  the  747  cases  721,  or  96.54  per  cent,  gave  a definite  histor}^ 
of  having  used  unboiled  Potomac  water  supplied  through  the  regular 
city  system  as  the  sole,  principal,  or  occasional  source  of  water  for 
drinking  during  the  thirty  days  prior  to  onset  of  illness. 

Of  the  26  remaining  cases  7 drank  no  unboiled  Potomac  water,  and 
of  these  7 all  but  2 drank  unboiled  water  from  wells,  etc.,  outside  of 
the  District  of  Columbia  ; of  the  2 who  drank  boiled  Potomac  water 
solely  1 had  been  nursing  a case  of  typhoid  fever  during  the  three 
weeks  prior  to  the  onset  of  illness  and  the  infection  was  attributed  to 
contact.  Seven  cases  used  no  city  water,  boiled  or  unboiled,  for 
drinking.  Of  these  4 used  water  from  private  wells  solely  for  drink- 
ing, one  water  from  a public  city  pump  solely,  which  case  was  attrib- 
uted to  milk  infection,  1 bottled  water  solely,  and  1 melted  ice 
solely,  which  case  was  attributed  to  infected  milk.  For  12  cases 
positive  information  regarding  the  use  of  unboiled  city  water  for 
drinking  could  not  be  obtained.  Of  these  5 occurred  in  an  institution 
for  children,  where  boiled  water  was  provided  for  the  use  of  the 
inmates,  but  free  access  was  had  to  the  unboiled  tap  water;  these 
5 cases  were  attributed  to  milk  infection. 

Considering  as  a group  the  26  cases  which  occurred  among  persons 
of  whom  definite  histories  of  having  drunk  unboiled  Potomac  water 
could  not  be  obtained,  2 were  attributed  to  infection  by  contact,  7 to 
infection  by  milk,  1 to  infection  by  ice  cream,  and  5 spent  part  of  the 
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thirty  days  prior  to  onset  of  illness  outside  of  the  District  of  Columbia 
and  may  have  contracted  their  infection  while  away.  Seventeen 
used  unboiled  milk  supplied  by  the  dealers  of  the  District  of  Columbia. 

The  following  table  gives  the  source  of  water  used  for  drinking 
purposes  during  the  thirty  days  preceding  onset  of  illness  by  the  747 
cases  studied: 


Water  used  by  cases  thirty  days  prior  to  illness. 

Raw  tap  water 

Solely 443 

Principally 196 

Occasionally 73 

Occasionally  (?) 12 

Boiled  tap  water: 

Solely 2 

Principally 47 

Occasionally 15 

Filtered  tap  water: 

Solely 1 

Principally 10 

Occasionally 3 

Occasionally  (?) 1 

Public  pumps: 

Solely 1 

Principally 3 

Occasionally 94 

Occasionally  (?) 31 

Bottled  water: 

Solely 1 

Principally 7 

Occasionally 13 

Private  wells  or  springs  in  the  District  of  Columbia: 

Solely 4 

Principally 36 

Occasionally 33 

Various  sources  out  of  the  District  of  Columbia: 

Principally 0 

Occasionally 69 

Melted  ice: 

Solely 1 

Principally 1 


These  figures  point  to  the  water  as  a factor  in  the  spread  of  the 
infection,  but  we  must  remember  that  perhaps  an  equally  large  pro- 
portion of  the  general  population  drink  the  raw  tap  water.  For  a 
full  discussion  of  the  relation  of  the  Potomac  Kiver  water  to  typhoid 
fever  see  page  30,  et  seq. 


O'  By  raw  tap  water  is  meant  that  the  water  was  not  boiled  or  filtered  after  it  left  the  tap. 
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SODA  WATER. 

Of  the  747  cases,  310  drank  soda  water.  In  45  cases  definite  infor- 
mation regarding  the  use  of  soda  water  was  not  obtainable,  and  392 
gave  a definite  history  of  not  having  drunk  soda  water  within  thirty 
days  prior  to  onset  of  illness. 

The  water  used  in  making  the  soda  water  sold  at  practically  all  the 
public  fountains  in  Washington  is  the  unboiled  tap  water. 

OCCUPATION. 

In  the  following  table  is  given  the  occupation  of  the  cases,  along 
with  the  number  of  persons  in  the  District  of  Columbia,  according  to 
the  census  of  1900,  engaged  in  such  occupations.  As  the  cases 
occurred  in  1906  and  the  census  was  taken  in  1900,  the  figures  are  not 
strictly  comparable. 


Occupations. 

Number  of  persons  en- 
gaged in  occupations 
(census  of  1900). 

Number  of  cases  of 
typhoid  fever. 

Male. 

Female. 

Total. 

1 

Male. 

Female. 

Total. 

Agricultural  pursuits. 

Agricultural  laborers 

614 

1 

614 

1 

1 

Dairymen 

117 

117 

3 

3 

Fanners,  planters,  and  overseers 

217 

217 

1 

1 

Gardeners,  nurserymen,  florists,  etc 

462 

462 

1 

1 

Professional  pursuits. 

Architects,  designers,  draftsmen 

478 

478 

3 

3 

Dentists 

234 

234 

1 

1 

Electricians 

461 

461 

1 

1 

Engineers  (civil,  etc),  surveyors 

351 

351 

1 

1 

Lawyers 

1,445 

1,445 

239 

2 

• 

2 

Literary  and  scientific  persons 

239 

3 

3 

Officials  (Government) 

900 

900 

1 

1 

Teachers,  professors,  etc 

390 

1,598 

1,988 

1 

7 

8 

Domestic  and  personal  service. 

Barbers,  hairdressers 

860 

860 

2 

2 

Bartenders.  . 

581 

581 

4 

4 

TTonselceepers,  stewa.rdesses 

529 

529 

4 

4 

Janitors,  sextons 

511 

511 

1 

1 

Laborers,  not  specified 

12,  476 

263 

12, 739 
7, 666 
1,542 
724 

32 

1 

33 

Launderers,  laundresses 

474 

7, 192 

2 

6 

8 

Nurses  and  midwives 

231 

1,311 

1 

4 

5 

Besta.nra.nt  fl,nd  saloon  beepers 

612 

112 

2 

2 

Servants  and  waiters 

2,898 

1,667 

15,231 

20, 129 

6 

37 

43 

Watchmen,  policemen,  firemen,  etc 

1,667 

4 

4 

Trade  and  transportation. 

Agents . . 

1,511 

1,511 

323 

2 

2 

Bankers  a,nd  brokers  

323 

1 

1 

Bookkeepers  and  accountants 

837 

482 

1,319 
16, 220 
3, 994 
410 

5 

2 

7 

Clerks  and  copyists 

11,523 

4,697 

24 

7 

31 

Dray'men,  ha.ckmen  teamsters,  etc 

3, 994 
410 

24 

24 

Hostlers.  

1 

1 

Hucksters  and  peddlers 

526 

526 

2 

2 
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Occupations. 

Number  of  persons  en- 
gaged in  occupations 
(census  of  1900) . 

Number  of  cases  of 
typhoid  feyer. 

Male. 

Female. 

Total. 

Male. 

Female. 

Total. 

Trade  and  transportation — Continued 
Merchants  and  dealers; 

Retail 

3,945 

176 

418 

4,363 

176 

6 

6 

Wholesale ....  

1 

1 

Messengers,  errand,  and  office  boys 

1, 345 

1,345 

104 

8 

8 

Newsboys,  newspaper  carriers 

104 

4 

4 

Officials  of  banks  and  companies  

390 

390 

9. 

2 

Porters  and  helpers  in  stores,  etc 

921 

921 

4 

4 

Salesmen  and  saleswomen 

Steam  railroad  employees 

2,644 

1,185 

1,320 

3, 964 
1,185 
1,229 
817 

9 

9 

8 

17 

9 

Stenographers  and  t's’pewriters 

521 

708 



9 

9 

Street  railway  employees 

sy? 

5 

5 

Telegraph  and  telephone  operators 

307 

(?) 

307 

1 

1 

Mechanical  and  manufacturing. 

Bakers 

622 

622 

1 

1 

Blacksmiths 

775 

775 

2 

2 

Bookbinders . . 

405 

279 

684 

1 

1 

Brick  and  tile  makers 

195 

195 

1 

1 

Butchers 

569 

569 

2 



2 

Carpenters  and  joiners 

2,298 

212 

2,298 

212 

10 

10 

Confectioners 

2 

2 

Dressmakers 

2,993 

2,993 

1,116 

1 

1 

Engineers,  firemen  (not  locomotiye) 

1,116 

2 

2 

Engrayers 

144 

144 

2 

2 

Iron  and  steel  workers 

300 

300 

3 

3 

Machinists 

1,392 

1,392 

12 

12 

Marble  and  stone  cutters 

272 

272 

1 

1 

Masons  (brick  and  stone) 

1,153 

1,441 

363 

1.153 

1 

1 

Painters,  glaziers,  yarnishers,  etc 

1,441 

2 

2 

Paper  hangers 

363 

1 

► 1 

Plasterers 

465 

465 

4 



4 

Plumbers,  gas  and  steam  fitters 

1,074 
2, 842 

18, 788 

1,074 

3,323 

39,904 

4 

• 

4 

Printers,  hthographers,  pressmen,  and  press- 
women  

Miscellaneous. 

Persons  attending  school 

Infants  and  small  children 

481 

21,116 

9 

101 

36 

3 

98 

32 

12 

199 

68 

Housewiyes 

“35,000 

35,000 

78 

78 

Decorators 

1 

1 

Postmen 

1 

1 

Packers  of  seeds,  Saratoga  chips,  etc 

2 

2 

Piano  tuners 

2 

2 

Inmates  of  institutions 

6 

2 

8 

No  occupation 

9 

44 

53 

Not  stated 

2 

3 

5 

1 

Total 

399 

348 

747 

j 

a Our  estimate. 

INFECTION  BY  CONTACT. 


Forty-six  of  the  cases  gave  a history  of  having  had  free  and  inti- 
mate association  with  typhoid  patients  in  the  febrile  stage  of  the 
disease.  Of  these,  11  were  attributed  to  infection  by  milk,  and  3 
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were  in  contact  with  cases  outside  of  the  District  of  Columbia,  leav- 
ing 32  cases,  or  4.28  per  cent  of  the  866  cases,  which  were  attributed 
to  infection  by  direct  contact.  Among  these  32  cases  were  2 instances 
of  colored  servants  contracting  the  disease  from  white  employers, 
but  no  instances  were  determined  in  which  white  persons  contracted 
the  disease  from  colored  servants. 

Fourteen  cases  gave  a history  of  slight  or  occasional  association 
with  patients  in  the  febrile  stage.  Of  these,  5 were  attributed  to 
infection  by  milk,  leaving  9 for  consideration  as  suspected  contact 
cases.  In  21  cases  indirect  conveyance  of  the  infection  by  persons 
or  flies  was  strongly  suggested.  Twelve  cases  had  free  and  intimate 
association  with  patients  just  convalescing  from  t}^hoid  fever.  One 
case  developed  the  disease  within  thirty  days  after  moving  into  a 
house  which  had  been  vacated  by  persons  among  whom  there  had 
been  typhoid  fever  during  the  three  months  prior. 

It  seems  fair  to  estimate  the  chances  of  these  44  cases  having  become 
infected  by  contact  at  about  50  per  cent;  and  so  adding  22  of  these 
to  the  32  which  were  considered  almost  certainly  infected  by  contact, 
there  are  54  cases,  or  6.23  per  cent  of  the  total,  which  may  reason- 
ably be  attributed  to  infection  by  contact. 

No  satisfactory  information  could  be  obtained  upon  the  question 
of  direct  or  indirect  contact  with  persons  recently  (three  to  four 
months)  convalescent  f rom  the  disease  or  wdth  chronic  bacillus-carriers. 
Therefore,  it  may  be  argued  that  more  cases  may  have  contracted 
their  infection  in  this  way;  how  many  more  is  problematical. 

That  the  bulk  of  the  infection  in  Washington  is  not  spread  by 
contact  is  indicated  by  the  fact  that  the  number  of  cases  diminished 
through  the  latter  half  of  August  and  through  September,  while  all 
the  conditions  for  the  spread  of  the  disease  by  this  means  seemed 
favorable;  and,  further,  by  the  fact  that  the  disease  prevails  to  a 
much  greater  extent  in  Washington  than  in  some  other  American 
cities  in  which  the  conditions  for  the  spread  of  the  disease  by  con- 
tact appear  to  be  equally  favorable.  On  the  other  hand,  arguments 
may  be  adduced  indicating  that  contacts  play  a larger  role  in  the 
problem,  but  on  account  of  our  meager  data  we  prefer  to  leave 
the  subject  for  further  study,  which  is  now  going  on  in  the 
Hygienic  Laboratory. 

The  difficulty  of  determining  just  how  many  cases  should  be  attrib- 
uted to  infection  by  contact  will,  we  believe,  become  evident  to  any- 
one studying  the  epidemiology  of  typhoid  fever  in  a large  city.  To 
estimate  in  figures  the  actual  number  infected  by  contact  among  the 
cases  which  occurred  in  the  District  of  Columbia  during  the  period 
in  which  we  were  studying  the  situation  would  be  mere  speculation, 
and  in  attributing  a given  number  of  cases  to  infection  by  contact, 
milk,  or  any  other  one  factor,  we  have  taken  into  consideration  all 
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of  the  factors  learned  of  which  may  have  applied  to  the  given  case 
and  then  attributed  the  infection  to  the  factor  which  seemed  most 
probably  applicable. 

In  45  houses  more  than  one  case  occurred  within  a period  of  three 
months,  and  in  these  45  houses  there  were,  all  told,  103  cases.  Of 
these,  35  were  attributed  to  milk  infection,  28  to  infection  by  con- 
tact, direct  and  indirect,  and  40  to  factors  undetermined.  The  largest 
number  which  occurred  in  one  house  was  6 ; all  of  these  6 cases  were 
attributed  to  milk.  In  fact,  the  occurrence  of  several  cases,  especially 
among  children,  within  a few  days  in  the  same  house  was  often  found 
to  be  a good  indication  of  a milk  outbreak,  and  it  was  through  such 
an  occurrence  in  an  institution,  tow'ard  the  latter  part  of  our  studies, 
that  our  attention  was  first  attracted  to  the  outbreak  among  the 
customers  of  milk  dealer  No.  4. 

Among  the  many  kindly  suggestions  given  us  by  those  interested 
in  the  typhoid  fever  situation  in  the  District  of  Columbia  w^as  one 
(from  Mr.  MTiipple)  that  possibly  many  of  the  cases  among  white 
persons  in  Washington  were  contracted  from  colored  servants.  This 
point  was  considered  in  connection  with  the  306  cases  last  studied. 
Of  these  cases,  237  were  at  homes  at  which  there  were  no  servants. 
Three  were  at  homes  where  white  servants  were  employed  and 
resided ; 22  were  at  homes  where  colored  servants  were  employed  and 
resided;  1 was  at  a home  where  a white  servant  was  employed,  but 
who  went  to  his  own  home  at  night ; 43  were  at  homes  where  colored 
servants  were  employed,  but  who  went  to  their  own  homes  at  night. 
Two  of  the  cases  were  in  the  persons  of  colored  servants  who  resided 
at  the  homes  where  they  were  employed.  In  no  instances  were  his- 
tories obtained  of  cases  of  typhoid  fever  existing  among  the  persons 
in  the  homes  of  colored  servants  during  the  3 or  4 weeks  prior  to 
the  onset  of  the  cases  in  the  families  of  their  white  employers.  The 
reluctance  with  which  servants  usually  gave  information  regarding 
illness  in  their  homes  led  us  to  believe  that  their  statements  should 
be  accepted  with  considerable  reservation. 

PROPHYLAXIS. 

Of  the  866  cases,  374,  or  43.18  per  cent,  were  treated  at  hospitals. 
The  time  of  admission  to  hospitals  of  cases  which  were  considered  as 
having  contracted  the  infection  in  the  District  of  Columbia  was  as 
follows : 

Cases. 

Within  5 days  after  onset  of  illness 190 

Within  10  days  after  onset  of  illness 69 

Within  15  days  after  onset  of  illness 18 

Within  20  days  after  onset  of  illness 4 

Within  25  days  after  onset  of  illness 4 
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Cases. 


Within  30  days  after  onset  of  illness 1 

Within  90  days  (relapse)  after  onset  of  illness 1 

Not  determined 6 


Of  the  80  cases  considered  as  having  undoubtedly  contracted  the 
infection  out  of  the  District  of  Columbia,  53  were  treated  at  hospital, 
and  of  the  32  which  were  considered  as  almost  certainly  having  con- 
tracted the  infection  out  of  the  District,  but  possibly  as  having  con- 
tracted the  infection  in  the  District,  28  were  treated  at  hospital.  Of 
these  81  imported  cases  treated  at  hospital  66  were  taken  from  places 
out  of  the  District  of  Columbia  direct  to  hospital  for  treatment,  and 
15  were  taken  to  hospital  after  being  treated  at  private  residences  in 
the  District  of  Columbia  as  follows: 


At  private  residence  for — 

2 days 

3 days 

I 4 days 

1 5 days 

6 days 

7 days 

10  days 

12  days 

15  days 


Cases. 

. 3 

. 3 

. 2 
1 

. 1 

1 
2 

. 1 

1 


Total 15 

✓ 

The  good  percentage  of  cases  treated  at  hospital  was  one  of  the 
most  encouraging  features  met  with  in  the  course  of  our  studies, 
because  at  hospitals  the  facilities  to  prevent  spread  of  infection  are 
generally  much  better  than  at  private  residences.  The  hospital 
treatment  of  cases  suggests  itself  as  one  of  the  best  measures  to  pre- 
vent the  spread  of  the  disease  and  should  be  encouraged,  especially 
among  those  who  are  unable  to  carry  out  the  proper  precautions  at 
home. 

Of  the  492  cases  treated  at  private  residences,  119  were  attended 
by  professional  nurses.  The  treatment  of  stools  and  urine  with  dis- 
infectants was  efficient  for  145  cases,  inefficient  for  286,  of  doubtful 
efficiency  for  51,  and  method  of  treatment  not  ascertained  for  10. 
Of  the  286  patients  whose  stools  and  urine  were  inefficiently  treated 
the  lack  of  efficiency  was  due  to  the  small  quantity  of  disinfectant  used 
for  197  and  to  shortness  of  time  of  exposure  of  excreta  to  disinfectant 
for  89.  For  51  patients  the  treatment  of  stools  and  urine  was  con- 
sidered of  doubtful  efficiency,  because  the  material  used  for  effecting 
the  disinfection  w’as  some  patented  preparation,  the  value  of  which 
as  a disinfectant  is  doubtful. 

In  89  cases  no  attempt  v/ffiatever  at  disinfection  of  excreta  was 
made.  It  wmuld  seem  that  attending  physicians  should  be  held 
responsible  for  the  proper  treatment  of  stools  and  urine  of  patients 
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suffering  with  typhoid  fever.  In  a good  many  instances  we  were 
informed  by  the  members  of  the  families  of  the  patients  that  they 
had  received  no  instruction  from  their  physicians  regarding  care  of 
the  patients’  dejecta,  and  we  learned  of  some  instances  in  which 
attending  physicians  had  had  the  patients’  attendants  stop  the  intel- 
ligent use  of  carbolic  acid  or  chlorinated  lime  and  use  instead  some 
patented  preparation,  somewhat  more  aesthetic,  perhaps,  but  cer- 
tainly of  very  much  less  efficiency  than  one  of  the  standard  and 
cheaper  germicides. 

Of  other  measures  to  prevent  spread  of  infection — such  as  treat- 
ment of  clothing,  bedding,  dishes,  etc.,  used  by  patients,  and  care  of 
the  hands  of  persons  attending  patients — the  precautions  carried  out 
for  212  of  the  cases  were  fairly  efficient,  for  270  inefficient,  and  for  10 
not  stated. 

To  sum  up  the  epidemiological  findings: 


Cases. 

Percent- 

age. 

Infection  contracted  out  of  the  District  of  Columbia 

129 

14. 89 

Infection  attributed  to  milk  or  ice  cream 

85 

9. 81 

Infection  attributed  to  contact 

54 

6.23 

Accounted  for 

. 268 

30.  93 

Unaccounted  for 

598 

69. 07 

Total 

866 

100.  00 

Or  considering  only  the  747  cases,  of  which  681  undoubtedly  and 
66  probably,  contracted  the  infection  in  the  District  of  Columbia, 
we  have- — 


• 

Cases. 

Percent- 

age. 

Attributed  to  infection  by  milk  or  ice  cream 

85 

54 

11.3 

7.3 

Attributed  to  infection  by  contact 

Accounted  for 

139 

608 

18.6 

81.4 

Unaccoimted  for 

Total 

747 

100.  00 
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Table  No.  I. — Typhoid  fever  death  rate  per  100,000  of  population,  according  to  race, 

for  the  last  twelve  years. 


Year. 

Total. 

VvTiite. 

Colored. 

1895 

73.8 

64.  3 

94  1 

1896 

51. 1 

46.8 

60.  4 

1897 

43.6 

.5 

56.6 

1898 

64.3 

50.2 

95.3 

1899 

67.2 

47.3 

111.0 

1900 

74. 1 

64.0 

96.7 

1901 

56.  4 

42.8 

87. 1 

1902 

74.0 

71.5 

79.7 

1903 

45.  0 

38.1 

60.8 

1904 

43.8 

35.  5 

63.  4 

1905 

43.9 

40.0 

53.3 

1906 

49.3 

35.  4 

83. 1 

Average 

57.  2 

47.  78 

78.  45 

Table  No.  II. — Typhoid  cases.  May  to  October,  1906,  by  date  of  onset. 


Date. 

May. 

June. 

July. 

August. 

September. 

October. 

1 

4 

5 

23 

13 

6 

0 

0 

6 

13 

9 

5 

1 

5 

8 

7 

2 

6 

0 

1 

8 

8 

3 

3 

0 

3 

6 

7 

2 

5 

0 

2 

4 

7 

7 

5 

1 

2 

7 

12 

2 

6 

0 

1 

8 

11 

1 

12 

0 

1 

3 

8 

4 

5 

0 

5 

9 

15 

3 

t 

0 

1 

2 

4 

4 

7 

0 

1 

4 

6 

3 

13 

0 

1 

3 

6 

2 

3 

3 

3 

8 

3 

2 

6 

0 

1 

20 

*9 

2 

9 

1 

1 

5 

3 

3 

3 

0 

2 

7 

6 

1 

6 

1 

0 

4 

6 

4 

1 

1 

2 

3 

1 

5 

1 



0 

1 

15 

19 

4 

6 



3 

4 

12 

2 

4 

2 

‘ 

0 

1 

5 

1 

3 

1 

0 

3 

9 

2 

1 

0 

0 

4 

3 

2 

2 

1 



1 

1 

21 

11 

4 

0 

2 

3 

2 

2 

1 

1 

r 

1 

2 

8 

4 

0 

2 

3 

12 

4 

4 



0 

1 

6- 

1 

2 



1 

4 

10 

3 

3 



3 

7 

3 

Total 

22 

64 

232 

209 

100 

120 

♦ 
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MILK  AND  OTHER  DAIRY  PRODUCTS, 


Milk  was  responsible  for  about  10  per  cent  of  the  cases  of  typhoid 
fever  occurring  in  the  District  of  Columbia  between  June  1 and 
November  1,  1906. 

Three  distinct  milk  outbreaks  were  studied,  traceable  to  con- 
tamination from  typhoid  fever  cases  at  the  dairies  or  dairy  farms. 
The  record  of  milk  infection  for  previous  years  is  as  follows: 


1905.  Of  the  1,097  cases 23 

1904.  Of  the  1,006  cases None. 

1903.  Of  the  1,055  cases 19 

1902.  Of  the  1,474  cases  o 7 


It  may  therefore  be  safely  assumed  that  infected  milk  is  a fre- 
quently recurring  cause  of  the  disease  in  the  District  of  Columbia. 

In  our  epidemiological  studies  we  found  that  the  747  cases  which 
contracted  their  infection  in  the  District  of  Columbia  gave  the  follow- 
ing history  in  regard  to  the  use  of  milk  within  thirty  days  prior  to 


illness : 

As  a beverage 488 

On  fruits  and  cereals,  but  not  as  a beverage 90 

In  hot  tea  or  coffee  only 50 

As  ice  cream  only 65 

None 40 

Not 'stated 14 


Total 747 


Of  the  105  cases  in  which  it  was  stated  that  no  milk  was  used,  65 
gave  a history  of  having  eaten  ice  cream,  while  40  gave  a history  of 
not  having  used  milk  or  cream  in  any  form  within  thirty  days  prior 
to  the  onset  of  the  disease. 

In  chart  No.  3 is  shown  the  number  of  cases  which  occurred 
among  the  customers  of  the  various  milk  dealers  in  the  District  of 
Columbia.  This  diagram  demonstrates  graphically  the  three  milk 
outbreaks  among  the  customers  of  dealers  Nos.  4,  13,  and  85,  as 


follows : 

Cases. 

Dealer  No.  4.  October  2 to  21 32 

Dealer  No.  13.  July  6 to  August  20 35 

Dealer  No.  85.  July  30  to  August  13 12 


Due  to  milk 79 

Due  to  ice  cream 6 


Total..’ 85 


o From  the  records  of  the  health  office.  District  of  Columbia. 
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It  is  probable  that  contaminated  milk  was  also  responsible  for 
scattering  cases,  although  of  this  we  are  unable  to  present  conclu- 
sive proof.  A study  of  chart  Xo.  3,  leaving  out  the  condensation  of 
dots  along  the  lines  of  milk  dealers  Nos.  4,  13,  and  85,  which  rep- 
resent the  three  milk  outbreaks,  shows  the  remaining  dots  roughlv 
scattered  along  the  routes  of  the  milk  dealers  more  or  less  uniformlv. 

The  ratio  of  the  number  of  cases  of  typhoid  fever  occurring  among 
the  customers  of  each  milk  dealer  to  the  number  of  persons  using 
that  milk  is  instructive.  This  ratio  is  determined  from  the  number 
of  cases  per  100,000  gallons  of  milk  sold  by  each  dealer. 

The  number  of  gallons  of  milk  sold  by  each  dealer  was  obtained 
only  for  the  months  of  July,  August,  September,  and  October,  and 
the  ratio  is  based  upon  the  number  of  cases  of  typhoid  fever  and  the 
number  of  gallons  of  milk  sold  during  the  same  period. 

MILX  AND  TYPHOID  FEVER. 

The  importance  of  clean  and  good  milk  from  a public-health  stand- 
point is  well  recognized  by  sanitarians,  but  the  danger  that  lurks  in 
contaminated  milk  does  not  seem  to  be  generally  understood.  This 
ignorance  seems  glaring  among  the  dairymen  and  others  who  handle 
the  milk  supplies  for  the  District  of  Columbia. 

Dr.  George  M.  Kober,  in  his  admirable  monograph,  “Milk  in  Rela- 
tion to  Public  Health,’’®  has  collected  195  epidemics  of  t}’phoid  fever 
occurring  in  various  parts  of  the  world,  due  wholly  to  milk.  In  this 
same  paper  will  also  be  found  a compilation  of  95  epidemics  of  scarlet 
fever  and  35  epidemics  of  diphtheria  due  to  milk. 

Doctor  Kober  sav^s; 

It  is  a remarkable  fact  that  every  attempt  to  improve  the  purity  of  this  invaluable 
article  of  food,  especially  for  infants,  children,  and  invalids,  the  sick  and  convalescent, 
should  be  promptly  opposed  by  the  milk  industry,  which  constitutes  a strong  spoke  in 
the  commercial  wheel,  and  evidently  considers  it  meddlesome  interference  with  their 
trade. 

These  men  evidently  do  not  know  and  can  not  know,  that  such  hydra-headed  diseases 
as  cholera  infantum,  scarlet  fever,  and  diphtheria  have  been  disseminated  in  the  milk 
supply;  that  typhoid-fever  epidemics  have  been  thus  caused,  and  that  milk  may  be 
the  vehicle  of  the  germs  of  tuberculosis  and  other  infectious  diseases  and  morbific 
agents. 

Pure  natural  milk  can  only  be  secured  at  dairies  with  sanitary  buildings,  a pure  water 
supply,  healthy,  well-fed  and  well-cared-for  cows,  a well-equipped  and  well-kept  milk 
room,  provisions  for  thorough  cleanliness,  intelligent  people  in  charge,  and  clean 
methods  throughout.  There  are  a number  of  persons,  thanks  to  the  training  received  at 
the  dairy  schools,  who  make  an  honest  effort  to  place  on  the  market  milk  obtained  under 
such  conditions,  but  by  far  the  majority  are  indifferent  to  hygienic  requirements,  and 
therefore  matters  of  this  kind  should  not  be  left  to  the  individual,  but  the  principles 
which  ought  to  be  carried  out  should  be  embodied  in  effective  laws  and  accepted  and 
enforced  in  a practical  sense. 


a Senate  Doc.  No.  441,  57th  Cong.,  1st  sess.,  Washington,  1902. 
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Honorable  men  will  not  object  to  regulations  calculated  to  promote  the  purity  of 
their  product  and  the  health  of  their  customers,  and  as  many  of  the  most  serious  faults 
are  the  result  of  ignorance  rather  than  intentional  neglect,  the  difficulties  will  be 
materially  lessened  by  proper  education  and  trade  competition. 

Our  otvn  studies  closely  confirm  Doctor  Kober’s  observations  and 
give  further  evidence  of  the  danger  from  contaminated  milk. 

The  typhoid  bacillus  may  reach  the  milk  in  any  one  of  many  ways. 
Usually  it  is  by  direct  or  indirect  contact  with  cases  of  the  disease. 
Often  convalescents  or  persons  in  the  first  stages  of  typhoid  fever  milk 
the  cows  or  handle  the  milk.  Sometimes  the  same  hands  that  nurse 
the  sick,  milk  the  cows.  Sometimes  the  infection  is  carried  to  the  milk 
indirectly  through  Avater  or  by  means  of  the  cleansing  rags  and  other 
fabrics  that  have  become  contaminated  with  the  dejecta.  Most  of  the 
195  outbreaks  described  b}^  Doctor  Kober  Avere  traced  to  cases  of 
typhoid  fever  on  the  dairy  farms.  MTien  one  remembers  hoAv 
readily  the  typhoid-fever  infection  is  communicated  from  person  to 
person  by  direct  or  indirect  contact,  it  is  easy  to  understand  hoAv 
readily  the  infection  may  be  conveyed  from  the  sick  to  the  milk. 

The  question  of  “bacillus-carriers’^  is  a live  problem  AA^hen  applied 
to  milk.  ^Vhen  AA^e  remember  that  many  people  harbor  the  typhoid 
bacillus  Avithout  being  sick,  in  fact  AAuthout  ever  haAung  had  the  dis- 
ease, and  that  persons  may  discharge  great  numbers  of  the  bacilli  for 
months  and  in  some  instances  for  years  after  apparent  recovery,  it  is 
easy  to  understand  how  the  milk  may  become  infected,  and  yet  a 
searching  inquiry  fail  to  find  the  source  of  the  danger.  This  empha- 
sizes the  fact  that  the  feAA^er  persons  AA^ho  come  in  contact  Avith 
milk  the  better,  -and  those  AA^ho  have  actually  to  handle  the  milk 
should  exercise  scrupulous  cleanliness  and  be  under  strict  medical 
supervision. 

The  use  of  pure  Avater  for  cleaning  cans  and  bottles  can  not  be  too 
strongly  emphasized.  It  can  be  readily  understood  hoAv  a feAv 
typhoid  bacilli,  finding  their  way  from  AA^ater  into  a bottle,  can,  or  vat 
of  Avarm  milk,  may  in  this  very  favorable  culture  medium  multiply 
very  rapidly  and  so  contaminate  the  milk  to  a dangerous  degree. 

Neufeld  ® considers  that,  next  to  water,  milk  plays  by  far  the  most 
important  role  in  the  epidemiology  of  tjrphoid  fever. 

Schiider  ^ collected  statistics  of  typhoid  epidemics,  110  of  which 
AA^ere  due  to  milk,  against  462  due  to  Avater. 

The  English  literature  in  particular  contains  many  references  to 
milk  as  a vehicle  of  spreading  the  disease. 

“ Neufeld,  F.:  Typhus.  Handbuch  der  pathogenen  Mikroorganismen,  by  W.  Kolle 
and  A.  AYassermann,  vol.  2,  p.  204. 

& Schiider.  Zeitschr.  f.  hyg.,  Bd.  38,  1901,  p.  343. 
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Hart,^  Rossi, ^ and  SchlegtendaR  have  collected  many  outbreaks 
attributed  to  this  source. 

A recent  outbreak  of  typhoid  fever  in  Kolozsvar  was  not  only 
traced  by  Konradi'^  to  milk,  but  the  typhoid  bacillus  was  actually 
isolated  from  2 of  the  33  samples  of  milk  examined.  It  appears 
that  one  of  the  dairymen  bad  a mild  case  of  typhoid  fever,  which 
did  not  prevent  him  from  doing  the  milking  and  thus  infecting  the 
milk  directly. 

Magratb’s^  recent  investigations  in  Massachusetts  have  again 
shown  that  our  skepticism  regarding  the  purity  of  milk  is  not  mis- 
placed. The  disease  has  been  prevalent  in  Massachusetts  this  sum- 
mer, and  the  State  board  of  health,  vdth  its  usual  efficiency,  has 
investigated  the  situation  promptly  and  thoroughly. 

In  most  of  the  outbreaks  investigated  it  was  found  that  milk  was 
the  agent  through  which  the  infection  was  conveyed.  The  epidemics 
in  Wellesley  and  Xeedham  were  traced  to  a single  farm,  and  the 
disease  has  ceased  to  spread  since  this  fact  became  knovm  and  proper 
precautions  were  taken. 

The  typhoid  bacillus  grows  and  multiplies  in  milk  with  great 
rapidity,  especially  if  the  milk  is  not  kept  cool.  In  fact,  milk  is  one 
of  the  best  culture  media  for  the  typhoid  bacillus.  Unfortunately, 
the  milk  mav  teem  with  mvriads  of  these  organisms  vdthout  in  the 
least  changing  the  appearance,  the  odor,  or  the  taste  of  the  milk. 
We  therefore  have  no  ready  means  of  knovdng  whether  a particular 
glass  of  milk  may  or  may  not  be  contaminated  with  the  typhoid 
bacillus. 

Milk  epidemics  often  break  out  with  the  same  explosive  violence 
as  water  epidemics.  They  are  characterized  by  the  fact  that  they 
usually  affect  the  children  and  women  especially. 

Buttermilk  and  cream,  and  possibly  other  dairy  products,  also 
may  act  as  vehicles  of  infection.  Several  of  the  85  cases  attributed 
by  us  to  milk  probably  received  their  infection  in  buttermilk  or 
cream. 

Ice  cream  in  particular  must  engage  the  attention  of  the  sani- 
tarian, for  it  is  known  to  be  a vehicle  by  which  the  infection  is  spread. 
It  is  admitted,  in  the  District  of  Columbia  at  least,  that  the  worst 
milk  is  often  used  for  the  purpose  of  making  ice  cream.  Further, 
the  making  and  handling  of  this  delusive  delicacv  is  often  under  the 
poorest  possible  sanitary  conditions. 

The  use  of  ice  cream  during  the  thirty  days  prior  to  onset  of  illness 

■"  a Hart.  Brit.  med.  journ.,  Jime-Aug.,  1895. 

& Rossi.  La  clinica  moderna,  1897. 

c Schlegtendal.  Heut.  Vierteljahrschr.  f.  6ft'.  Ges.-Pflege,  Bd.  32,  p.  287. 

Konradi,  D.  Centblt.  f.  bakt.,  I Abt.,  vol.  40,  1905,  p.  31. 

e Magrath, . Boston  med.  and  surg.  journ.,  editorial,  vol.  155,  1906,  p.  522. 
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by  the  747  cases  studied  was  as  follows:  Four  hundred  and  seventy-six 
ate  it  from  time  to  time,  222  ate  none,  and  for  49  no  definite  state- 
ments regarding  its  use  were  obtainable.  Six  of  the  cases  studied 
by  us  were  traced  to  infected  ice  cream.  Five  of  these  6 cases  ate 
ice  cream  made  from  the  milk  sold  by  dairyman  No.  4 and  1 case  ate 
ice  cream  made  from  milk  sold  by  dair^unan  No.  13  during  the  periods 
when  the  products  of  these  dairies  gave  evidences  of  being  infected. 

INSPECTION  OF  THE  CITY  DAIRIES. 

Of  the  numerous  dairies  in  the  District,  the  following  38  were 
inspected : 

Belmont  Dairy  Company,  E.  P.  Thomas,  president,  2016  Fourteenth  street  N W. 
Linden  Dairy,  G.  M.  Timmins,  president,  2021  Fourteenth  street  XW. 

Standard  Dairy  and  Ice  Company,  1333  Fourteenth  street  XW. 

Xational  and  Aspen  Grove  Dairy,  J.  W.  Gregg,  614  O street  XW. 

Sharon  Dairy,  C.  Thompson,  proprietor,  324  B street  SW. 

Klondike  Dairy,  H.  L.  Meeks,  611  L street  XW. 

Evergreen  Dairy,  F.  B.  Horner,  Xinth  and  0 streets  XW. 

Alderney  Dairy,  G.  W.  Wiley,  1718  Eighth  street  XW. 

Union  Valley  Dairy,  J.  W.  Estes,  300  I street  XW. 

St.  Clair  Dairy, Heflin,  1245  M street  XE. 

Farmers’  Dairy,  W.  W.  Johnson,  1406  Tenth  street  XW. 

Bellevue  Dairy  Farm,  Chris.  Heurich,  proprietor;  H.  W.  Blunt,  manager,  1431  P 
street  XW. 

Hamilton  Dairy,  W.  B.  Selecman,  1450  P street  XW. 

Walker-Gordon  Laboratories,  W.  Davidson,  superintendent,  1020  Connecticut  ave- 
nue XW. 

Griffiths’  Swiss  Dairy,  H.  Griffiths,  403  East  Capitol  street. 

Anandale  Dairy,  J.  W.  Castle,  146  C street  XE. 

Our  Farm  Dairy,  W.  W.  Hartranft,  107  Seventh  street  XE. 

Walker  Hill  Dairy,  W.  A.  Simpson,  530  Seventh  street  SE. 

Jersey  Dairy,  J.  J.  Bowles,  460  K street  XW. 

Ingleside  Dairy,  W.  B.  Dodge,  1757  Pennsylvania  avenue  XW. 

Dulin’s  Dairy,  F.  M.  Johnson  & Bro.,  1021  Twentieth  street  XW. 

Chevy  Chase  Dairy,  Geo.  A.  Wise  & Bro.,  3310  P street  XW. 

Hickory  Hill  Dairy,  Walters  & Watson,  2306  L street  XW. 

Lewinsville  Farm  Dairy,  Storm  & Sherwood,  1708  Wisconsin  avenue  XW. 
Springdale  Dairy,  H.  H.  Trundle,  720  Twentieth  street  XW. 

Mt.  Bocky  Dairy,  H.  L.  Alden,  211  Tenth  street  SW. 

Thompson’s  Dairy,  Theresa,  Ellen  and  Grace  Thompson,  511  Four-and-a-half 
street  SW. 

Fairfax  Dairy,  A.  B.  Walters,  2012  H street  XW. 

Pearl  Dairy,  A.  Mowett,  1828  Fourteenth  street  XW. 

Mountain  View  Dairy,  S.  E.  Powell,  Fifth  and  Florida  avenue  XW. 

Hartung’s  Dairy,  John  Hartung,  108  Florida  avenue  XW. 

Green  Meadow  Dahy,  J.  T.  Barber,  330  Xew  Jersey  avenue  XW. 

Glenmore  Dairy,  B.  L.  Simpson,  1211  C street  SW. 

Spa  Spring  Dairy,  H.  A.  Mills,  55  Bhode  Island  avenue  XW. 

Mt.  Pleasant  Dairy,  Ford  E.  Young,  1405  Park  Boad  XW. 
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Colorado  Heights  Farm  Dairy,  Mrs.  Eebecca  Pyles,  Grant  Road,  Tennalljdown,  D.  C. 

Chestnut  Farm  Dairy,  George  M.  Oyster,  jr.,  1116  Connecticut  avenue 

Shenandoah  Dahy,  P.  N.  Disher,  636  H street  NE. 

Numerous  stores  where  milk  is  retailed  in  small  quantities  were 
also  inspected  and  will  be  commented  upon  later. 

The  information  derived  from  the  inspection  is  summarized  as 
follows ; 

SOURCE  OF  THE  MILK. 

Only  3 of  the  38  dairies  inspected  claim  to  sell  milk  exclusively 
from  their  own  farms.  The  other  35  purchase  milk  from  numerous 
farms  scattered  largely  throughout  the  neighboring  counties  of  Mary- 
land and  Virginia.  Some  of  the  larger  dairies  obtain  their  milk  suppN 
from  as  many  as  40  farms.  It  is  stated  that  when  a dairy  has  a 
sudden  demand  for  an  extra  supply  or  receives  a short  shipment, 
it  does  not  hesitate  to  purchase  from  other  sources.  This  further 
complicates  the  difficult  problem  of  tracing  milk  infections. 

In  all  there  are  about  1,000  dairy  farms  in  the  neighboring  counties 
of  Maryland  and  Virginia  supphdng  milk  to  the  District  of  Columbia. 
Some  cream  is  obtained  from  more  distant  points  in  Penns}dvania 
and  New  York. 

LENGTH  OF  TIME  MILK  IS  USUALLY  KEPT  AT  THE  DAIRY. 

In  17  of  the  38  dairies  inspected  some  of  the  milk  is  received 
between  8 and  10  o’clock  in  the  morning  and  does  not  leave  the  dairy 
until  the  following  morning.  In  most  of  the  others  the  milk  is 
received  late  in  the  afternoon  or  evening  and  leaves  on  the  early 
morning  deliver}^.  In  but  a few  instances  is  the  milk  distributed  as 
soon  as  received.  It  is  evident  that  there  is  a lack  of  cooperation 
between  the  dairy  farms,  the  railroads,  and  the  city  dealers,  as  there 
is  a loss  of  practically  a day  at  many  of  the  large  dairies  inspected. 

METHOD  OF  SERVING  MILK. 

All  the  dairies  supply  milk  in  bottles.  A few  of  them  maintain  an 
additional  service  by  cans  and  dippers. 

HOW  THE  BOTTLES  ARE  FILLED. 

At  11  of  the  dairies  inspected  the  bottles  are  filled  by  machines;  at 
the  remaining  27  they  are  filled  by  hand,  using  either  a dipper  or  a 
2-gallon  can  for  this  purpose.  Some  of  the  machines  are  sloppy  and 
the  overflow  milk  is  sometimes  caught  and  rebottled. 

It  is  the  general  custom  to  allow  the  paper  caps  or  stoppers  to  lie 
around  without  special  precautions  against  contamination  by  dust 
and  flies.  They  are  alwa}^s  placed  in  the  bottles  by  hand;  and  the 
hands  are  seldom  as  clean  as  should  be. 
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METHOD  OF  CLEANING  BOTTLES. 

The  bottles  are  washed  either  by  hand  or  by  machine.  Only  a few 
dailies  ha  ve  bottle-washing  machines.  As  a rule,  the  bottles  are  first 
washed  in  warm  water  containing  w^^andotte,”  soapine,  soap, 
‘‘savagran,”  ‘^Swift’s  powder,’’  or  other  similar  preparations.  They 
are  then  rinsed  in  cold  tap  water.  Some  of  the  dairies  have  poor 
facilities  for  obtaining  hot  water.  Many  have  rotary  brushes  to 
assist  in  the  first  washing.  These  brushes  are  either  turned  by 
mechanical  power  or  by  foot  treadle.  In  the  latter  case  it  ^vas  found 
that  the  operator  of  the  washer  sometimes  neglects  to  keep  the  treadle 
in  motion. 

For  the  most  part  the  washing  of  the  bottles  is  exceedingly  unsatis- 
factory, both  from  a sanitary  standpoint  and  from  one  of  mechanical 
cleanliness.  The  first  water  in  wliich  they  are  washed,  containing 
an  alkaline  soapy  substance,  is  usually  warm  but  not  hot  enough  to 
be  uncomfortable  to  the  hand;  it  is  therefore  scarcely  sufficient  to 
destroy  infection  that  may  return  in  the  bottles.  The  bottles  are 
then  quickly  passed  into  another  tub  of  clear  water,  which  soon 
becomes  milky  and  alkaline,  making  a ver}^  good  culture  medium  for 
the  preservation  and  growth  of  certain  infections  that  may  be  present, 
especially  typhoid. 

It  is  the  usual  practice  to  leave  the  bottles  in  the  dairy  right  side  up, 
exposed  to  the  dust  of  the  street  and  stable  and  to  contamination  b}^ 
flies,  mice,  etc.,  before  filling.  A few  dairymen  turn  the  bottles 
upside  down  and  protect  them  from  this  risk. 

DISINFECTION  OF  THE  BOTTLES. 

» 

In  only  5 of  the  38  dairies  inspected  can  it  be  said  that  the  bottles 
are  disinfected.  In  these  5 instances  the  disinfection  consists  of 
steaming  or  scalding  with  boiling  water.  In  at  least  two  of  these  five 
tlie  bottles  were  passed  through  a washing  machine  which  provided 
for  their  disinfection  by  a jet  of  steaming  water,  but  at  the  time  of 
inspection  the  water  used  in  the  machine  was  not  hot  enough.  The 
steaming  or  scalding  of  the  bottles  should,  of  course,  be  the  last  process 
to  which  they  are  subjected  prior  to  cooling  and  filling. 

When  we  remember  that  milk  bottles  are  frequently  used  b}^  house- 
holders for  many  purposes,  that  they  often  get  into  the  sick  room  and 
run  many  chances  of  contamination  with  the  infectious  agents  of 
typhoid  fever  or  other  diseases,  it  would  not  be  umeasonable  to 
require  their  disinfection  by  all  dairymen. 
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CLEANING  OF  SHIPPERS’  CANS. 

As  a general  thing  the  milk  cans  are  simply  rinsed  with  tap  water 
and  returned  to  the  shippers.  In  a few  instances  the  flushing  out 
with  cold  water  is  followed  by  hot  water  or  steam.  In  one  or  two 
dairies  the  cans  are  scrubbed. 

SCREENS  AND  FLIES. 

Flies  are  a great  nuisance  in  all  but  one  or  two  of  the  dairies 
inspected,  and  A^ery  few  dairymen  use  intelligent  measures  in  ridding 
their  dairies  of  this  danger.  Thirty- two  of  the  38  dairies  inspected 
are  not  screened  at  all;  5 are  partly  screened,  and  only  one  was  found 
to  be  thoroughly  protected  in  this  manner.  The  stable,  in  close 
proximity  to  the  dairies,  provide  breeding  places  for  flies  and  make 
this  feature  of  the  dairy  business  a particularly  dangerous  one  from 
a sanitary  standpoint. 

Almost  all  the  dairies  liaAm  water-closets,  sometimes  In  foul  con- 
dition, either  in  the  same  building  or  m the  rear  of  the  dairy,  or 
more  commonly  m the  adjoining  stable,  so  that  there  are  many 
chances  for  flies,  etc.,  to  carry  infection  from  these  water-closets  to 
the  milk.  Nearly  all  the  dairies  stable  their  horses  to  the  rear  of 
the  bottling  room. 

EMPLOYEES. 

Persons  employed  to  handle  milk  show  a woeful  disregard  of  clean- 
liness as  it  is  understood  in  a sanitary  sense.  The  milk  is  contami- 
nated largely  through  ignorance  and  through  lack  of  cleanlmess.  In 
only  a single  Instance  m the  38  dairies  inspected  are  employees 
required  to  change  their  clothes  and  wear  clean  white  suits  or  to 
Avash  their  hands  before  beginning  Avork.  In  two  Instances  we  learned 
of  employees  Ihung  at  homes  in  Avhich  cases  of  typhoid  fever  Avere 
being  treated.  There  is  practically  no  medical  supervision  to  elim- 
inate Avorkmen  Avho  may  contaminate  the  milk  during  the  early 
stages  of  disease  or  during  the  three  or  four  months  folloAving  recovery, 
during  Avhich  periods  such  persons  frequently  discharge  large  numbers 
. of  virulent  typhoid  bacilli. 

At  one  dairy  an  employee  Avas  seen  to  put  his  finger  alternately 
into  the  milk  and  then  into  his  mouth,  and  back  again  into  the  next 
can  of  milk,  in  order  to  assure  himself  that  the  milk  was  sweet  before 
adding  it  to  the  general  suppl}^. 

In  one  instance  the  drhmr  of  a milk  Avagon  was  observed  filling 
pint  bottles  out  of  quarts.  He  evidently  ran  out  of  pints,  and  hence 
used  the  empty  bottles  collected  on  his  route  for  this  purpose.  After 
filling  tAvo  pint  bottles  from  one  quart  bottle  he  licked  the  mouths 
of  the  bottles  clean”  Avith  his  tongue  and  then  applied  the  usual 
paper  cap. 
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In  another  instance  a driver  was  seen  to  till  some  empty  bottles 
he  had  collected  on  his  route  by  dipping  the  bottles,  including  his 
fingers,  into  the  can  of  milk. 

LOCATION  AND  GENERAL  CONDITION. 

Dairies  are  usually  situated  on  the  first  floor;  sometimes  in  dingy 
basements  or  cellars.  Some  of  them  are  in  poor  sanitary  condition, 
others  fair;  a few  were  in  fine  order  at  the  time  of  inspection. 

The  location  of  most  of  the  dairies  is  pernicious  so  far  as  general 
sanitary  surroundings  are  concerned.  Many  of  them  are  situated 
near  squalid  settlements  or  abut  on  unkempt  alleys.  Close  relation 
between  almost  all  dairies  and  stables  has  already  been  referred  to. 

There  are  a large  number  of  small  purveyors  of  milk  hi  the  Dis- 
trict. Through  a technicality  in  the  law  these  small  places,  mostly 
small  corner  stores,  while  subjected  to  inspection,  are  immune  to  the 
general  sanitary  requirements  of  the  health  department.  The  con- 
ditions under  which  the  milk  is  kept  and  retailed  in  some  of  these 
places  can  better  be  imagined  than  described.  In  some  instances  we  ^ 
found  small  grocer}^  stores  selling  a cent’s  worth  of  milk  from  bottles 
or  cans,  while  upstairs  or  in  an  adjoining  room  typhoid  fever  cases  ' 
were  being  treated.  The  same  hands  that  cared  for  the  sick  dispensed 
milk.  Flies  passed  freely  from  the  sick  room  to  the  store,  and  the 
chances  of  conveying  the  infection  from  the  patient  to  milk  and 
other  articles  sold  in  the  store  were  favorable. 

THE  cows. 

Good  milk  can  only  come  from  healthy  cows.  But  as  cattle  are 
not  subject  to  typhoid  fever,  and  this  infection  always  enters  the 
milk  after  leaving  the  animal,  we  made  no  special  study  of  the  condi- 
tion of  the  cows  furnishing  the  milk  supply  of  the  District  of  Columbia. 

EXAMINATIONS  OF  THE  MILK  FURNISHED  THE  DISTRICT  OF 

COLUMBIA. 

During  the  warm  months  a number  of  samples  of  milk  were  pur- 
chased on  the  open  market  and  examined  in  the  Hygienic  Laboratory. 
The  samples  of  milk  were  examined  bacteriologically,  chemically,  and 
physically,  as  far  as  such  methods  serve  a useful  purpose  from  the 
public  health  standpoint. 

A total  of  215  samples  of  milk,  obtained  from  44  dairies,  were 
examined  and  the  results,  condensed  in  tabular  form,  are  given  on 
pages  73  to  79. 


70 


TYPHOID  FEVEE  IK  DISTRICT  OF  COLUMBIA, 


OBTAINING  SAMPLES. 


The  samples  of  milk  for  the  above  deterininations  were  purchased 
at  the  dairies,  from  milk  ^Yagons  on  the  street,  or  delivered  to  the 
laboratory  or  to  houses  in  various  parts  of  the  city.  It  is  therefore 
evident  that  the  samples  studied  fairly  represent  the  average  milk 
actually  supplied  to  the  bulk  of  the  householders  of  Washington. 


TEMPERATLTIE  OF  THE  MILK. 


The  temperature  of  each  bottle  of  milk  was  taken,  under  the  usual 
bacteriological  precautions,  as  soon  as  the  sample  was  obtained. 
Onh"  16  of  the  172  samples  of  milk  obtained  during  the  warm  weather 
had  a temperature  as  low  as  10°  C.  (50°  F.). 

The  sanitary  code  of  the  New  York  City  Board  of  Health  considers 
milk  to  be  adulterated  the  temperature  of  which  is  liigher  than  50°  F. 
and  section  54  of  the  code  states  that — 


any  milk  found  to  be  adulterated  which  has  been  brought  into  the  city  of  New  York 
or  is  held  or  offered  for  sale  in  said  city  may  be  seized  and  destroyed  by  any  inspector 
or  other  officer  of  this  Department  authorized  to  inspect  same. 

The  regulations  for  the  sale  and  care  of  milk  promulgated  by  the 
Boston  Board  of  Health  June  6,  1905,  article  6,  section  1,  proHde  that: 


No  person,  by  himself  or  by  his  servant  or  agent,  or  as  the  servant  or  agent  of  any 
other  person,  ffi’m  or  corporation,  shall,  in  the  city  of  Boston,  sell,  exchange  or  deliver, 
or  have  in  his  custody  or  possession  with  intent  to  sell,  exchange  or  deliver,  any 
milk,  skimmed  milk,  or  cream  which  contains  more  than  500,000  bacteria  per  cubic 
centimeter,  or  which  has  a temperatiue  higher  than  50°  Fahi’enheit. 


The  rapidity  with  which  bacteria  multiply  in  milk  at  a temperature 
somewhat  above  50°  F.  was  well  shown  by  Freudenreich.  In  his 
experiment  the  milk  contained  153,000  organisms  per  cubic  centi- 
meter and  was  exposed  to  a temperature  of  59°  F.  It  contained 
after — 

Bacteria  per  cubic 
centimeter. 


1 horn'  - - 

2 hours. 
4 hours. 
7 hours. 
9 hours. 
24  hours 


539,  750 
616,  250 
680,  000 
1.  020,  000 
2.  040,  000 
85,  000.  000 


Park  emphasizes  the  fact  that  few,  even  the  well  informed,  appre- 
ciate how  great  a difference  a few  degrees  of  temperature  vdll  make 
in  the  rate  of  bacterial  multiplication.  Wlk  rapidly  and  sufficient!}^ 
cooled  keeps  almost  unalterated  for  thudy-six  hours,  while  milk  that 
is  insufficiently  cooled  deteriorates  rapidly. 

The  great  bulk  of  the  milk  offered  for  sale  in  the  District  of  Columbia 
during  the  summer  would  have  been  considered  adulterated  according 
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to  the  sanitary  code  of  New  York  and  would  have  been  excluded 
from  sale  according  to  the  health  regulations  of  the  city  of  Boston 
on  account  of  the  temperature  alone. 

DIRTY  MILK. 

In  addition  to  being  old  and  warm,  much  of  the  milk  sold  in  Wash- 
ington is  dirty.  Fifty-one  of  the  172  samples  examined  showed  no 
visible  deposit  in  the  original  container  after  several  hours’  standing. 
Fifteen  of  the  samples  contained  a very  small  amount  of  dirt,  98 
contained  a small  amount  of  dirt,  8 contained  much  dirt,  and  1 con- 
tained (mouse  ?)  feces. 

This  foreign  matter  (dirt)  when  examined  under  the  microscope 
was  found  to  consist  of  fecal  matter,  hair,  epithelial  and  other  cells, 
straw,  bacteria,  and  all  manner  of  extraneous  substances  that  have 
no  place  in  clean  milk. 

We  made  no  quantitative  w^eighings  of  the  amount  of  dirt  found 
in  our  samples,  but  only  took  note  of  the  foreign  matter  visible  to 
the  naked  eye,  which  settled  down  after  a few  hours’  standing.  Any 
housewife  may  satisfy  herself  of  the  presence  or  absence  of  foreign 
matter  by  this  simple  test.  Good,  clean  milk  should  show  no  such 
deposit. 

Comment  upon  this  part  of  our  work  seems  unnecessary.  It  is 
true  that  hair,  cow  excrement,  and  other  substances  found  in  the 
milk  do  not  of  themselves  breed  disease,  and  may  not  be  so  dangerous 
as  the  invisible  pathogenic  germs;  but  the  one  is  as  undesirable  as 
the  other  is  dangerous.  The  fact  that  such  extraneous  substances 
gain  entrance  to  the  milk  in  such  large  quantities  is  a sad  commentary 
upon  the  cleanliness  used  in  milking  and  the  after  care  of  the  milk, 
and  is  an  index  of  how  readily  the  more  insidious  and  less  evident 
infections  of  Gq)hoid  fever,  diphtheria,  scarlet  fever,  etc.,  may  like- 
wise contaminate  the  milk. 

THE  NUMBER  OF  BACTERIA  IN  MILK. 

The  samples  of  milk  were  brought  to  the  laboratory  on  ice,  and  as 
soon  as  received  were  plated  upon  agar-agar  in  Petri  dishes  in  the 
usual  way.  Thb  plates  were  incubated  at  37°  C.^  and  the  number  of 
colonies  which  developed  were  counted  by  Mt.  William  Lindgren 
after  twenty-four  hours,  sometimes  at  the  end  of  forty-eight  hours, 
in  order  to  obtain  a maximum  growth. 

The  number  of  bacteria  in  a cubic  centimeter  of  milk  is  no  index  of 
its  contamination  with  typhoid;  it  is  only  an  indication  of  the  age, 
temperature,  and  cleanliness  of  the  milk. 

A study  of  the  table  shows  that  only  29  of  the  172  samples  examined 
contained  less  than  500,000  bacteria  per  cubic  centimeter.  The  great 
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bulk  of  the  milk  sold  in  the  District  of  Columbia  last  summer  would, 
therefore,  have  been  condemned  according  to  the  health  regulations 
of  Boston. 

Park  finds  that  milk  starting  with  12,000  bacteria  per  cubic  centi- 
meter in  warm  weather  and  5,000  in  cold  weather,  if  quickly  cooled 
to  46°  F.,  and  kept  at  that  temperature,  will,  at  the  end  of  thirty-six 
hours,  contain  on  an  average  less  than  50,000  bacteria  per  cubic  cen- 
timeter: and  if  cooled  to  40°  F.,  ^vill  average  less  than  its  original 
number.  Park  states  that : 

With  only  moderate  cleanliness,  such  as  can  be  employed  by  any  farmer  without 
adding  appreciably  to  his  expense,  namely,  clean  pails,  straining  cloths,  cans  or 
bottles,  and  hands,  a fairly  clean  place  for  milking,  and  a decent  condition  of  the 
cow's  udder  and  the  adjacent  belly,  milk  when  first  drawn  will  not  average  in  hot 
weather  over  30,000  and  in  cold  weather  not  over  25,000  bacteria  per  cubic  centimeter. 
Such  milk,  if  cooled  to  and  kept  at  50°  F.,  will  not  contain  at  the  end  of  twenty-four 
hours  over  100,000  bacteria  per  cubic  centimeter.  If  kept  at  40°  F.  the  number  of 
bacteria  will  not  be  over  100,000  per  cubic  centimeter  after  forty-eight  hours. 

If,  however,  the  hands,  cattle,  and  barns  are  filthy,  and  the  pails  are  not  clean,  the 
milk  obtained  under  these  conditions  will,  when  taken  from  the  pail,  contain  verA* 
large  numbers  of  bacteria,  even  up  to  a million  or  more  per  cubic  centimeter. 

Any  intelligent  farmer  can  use  sufficient  cleanliness  and  apply  sufficient  cold,  with 
almost  no  increase  in  expense,  to  supply  milk  twenty-four  to  thhty-six  hours  old 
which  will  not  contain  in  each  cubic  centimeter  over  50,000  to  100,000  bacteria,  and 
no  milk  containing  more  bacteria  should  be  sold. 

THE  KIND  OF  BACTERIA  FOUND  IN  THE  MILK. 

The  kind  of  bacteria  and  the  nature  of  the  bacterial  toxic  prod- 
ucts in  milk  are  more  important  from  a public  health  standpoint 
than  the  number  per  cubic  centimeter.  We  made  no  detailed  quali- 
tative analysis  of  the  milk  samples,  partly  for  lack  of  time  and  partly 
because  it  is  possible  by  presumptive  tests  to  determine  whether 
a milk  is  contaminated  with  bacteria  from  manure,  cow  dimg,  and 
other  outside  sources.  This  is  done  by  the  fermentation  of  sugar 
broth. 

It  has  been  abundantly  demonstrated  (see  reference  to  the  litera- 
ture, p.  80)  that  the  bacteria  in  milk,  as  it  leaves  the  udder,  largely 
consist  of  staphylococci,  streptococci,  and  other  pyogenic  organ- 
isms. Xone  of  these  bacteria  ferment  su^ar  broth..  On  the  other 
hand,  the  colon  bacdlus,  including  the  entire  group  of  lactic  acid 
producers  and  many  other  organisms  that  gain  entrance  into  the 
milk  from  cow  dung,  manure,  dust,  water,  etc.,  cause  active  fer- 
mentation. We  therefore  possess  a ready  test  for  the  approximate 
determination  of  the  character  and  sources  of  the  bacteria  in  milk. 
MacConkey  states  (see  p.  80)  that  with  ordinary  care  and  cleanli- 
ness freshly  dravm  milk  should  not  contain  gas-forming  organisms 
in  50  cubic  centimeters. 
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We  examined  a number  of  samples  of  milk  purchased  upon  the 
open  market  for  the  presence  of  gas-forming  organisms  in  0.1  cc.,  1 cc., 
and  10  cc.,  and,  as  will  be  seen  by  the  following  table,  practical^  all 
of  them  contained  fermenting  bacteria. 


Fermentation  in  samples  of  milk  purchased  in  Washington,  D.  C.,  in  1906. 


Name. 

Date. 

Temper- 
ature of 
the  milk. 

Fermentation 
(gas  produc- 
tion). 

Remarks. 

0.1  cc. 

1 cc. 

10  cc. 

Anandale  Dairy 

Nov.  3 

O 

0 

+ 

+ 

+ 

Sample  obtained  from 

Bellevue  Dairy 

Nov.  1 

8.0 

+ 

+ 

_ 

the  dairy. 
Do. 

Belmont  Dairy 

Oct.  30 

9.0 

+ 

+ 

+ 

Do. 

Chestnut  Farm  Dairy 

Nov.  2 

5.0 

+ 

+ 

+ 

Do. 

Chevy  Chase  Dairy 

Nov.  10 

11.0 

- 

- 

+ 

Do. 

Dulin’s  Dairy 

Nov.  2 

8.0 

+ 

+ 

+ 

Do. 

Evergreen  Dairy 

Oct.  31 

13.0 

+ 

+ 

+ 

Do. 

Fairfax  Dairy 

Nov.  2 

10.0 

- 

+ 

+ 

Do. 

Farmer’s  Dairy 

Oct.  31 

11.0 

- 

+ 

-u 

Do. 

Green  Meadow  Dairy 

Nov.  5 

10.0 

+ 

+ 

+ 

Do. 

Hartung’s  Dairy 

Nov.  6 

10.0 

+ 

+ 

+ 

Do. 

Hickory  HiU  Dairy 

do 

14.0 

-f 

+ 

+ 

Do. 

Hamilton  Dairy 

Nov.  1 

8.0 

+ 

+ 

+ 

Do. 

Ingleside  Dairy 

do  . . . 

9.0 

+ 

+ 

+ 

Do. 

Jersey  Dairy 

Nov.  5 

11.0 

+ 

+ 

+ 

Do. 

Klondike  Dairy 

Oct.  31 

11.0 

+ 

+ 

+ 

Do. 

Lewinsville  Dairy 

Nov.  10 

13.0 

+ 

+ 

+ 

Do. 

Linden  Dairy 

Oct.  30 

15.0 

— 

— 

— 

Do. 

Mount  Pleasant  Dairy 

Nov.  8 

11.0 

+ 

+ 

+ 

Do. 

National  and  Aspen  Grove  Dairv 

Oct.  30 

14.0 

— 

— 

+ 

Do. 

Our  Farm  Dairy 

Nov.  3 

10.0 

+ 

1 

+ 

Do. 

Pearl  Dairy 

Nov.  6 

13.0 

+ 

+ 

+ 

Do. 

Sharon  Dairy 

Nov.  12 

16.0 

+ 

+ 

Do. 

Shenandoah  Dairy 

Nov.  9 

9.0 

+ 

+ 

+ 

Do. 

Spa  Spring  Dairy 

do  . . . 

11.0 

- 

+ 

+ 

Do. 

Springdale  Dairy 

Nov.  2 

7.0 

+ 

+ 

Do. 

Standard  Dairy 

Oct.  30 

16.0 

+ 

+ 

+ 

Do. 

Swiss  Dairy 

Nov.  3 

8.0 

+ 

+ 

Do. 

Thompson’s  Dairv 

Nov.  9 

12.0 

+ 

+ 

+ 

Do. 

Union  Valiev  Dairy 

Nov.  5 

7.0 

— 

— 

— 

Do. 

Walker-Gordon  Laboratories 

Oct.  30 

8.5 

— 

— 

~r 

Sample  obtained  from 

Do 

Nov.  7 

6.0 





+ 

the  wagon. 
Do. 

Do 

Nov.  10 

9.0 

+ 

+ 

+ 

Do. 

Examination  of  milk  found  on  the  market  in  the  District  of  Columbia,  August  and  September,  1906. 
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The  curd  was  considered  ‘‘norniiil”  if  the  coagulum  was  solid  in  this  time;  but  “ abnorinjxl”  if  the  milk  curdled  into  small  irregular  lumps  with  msirked  separation  of  the 
whey.  Sometimes  ‘‘putrefaction”  was  indicated  by  fermentiition  of  the  curd.  This  condition  is  indicjited. 
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In  general  our  laboratory  results  confirm  the  conclusions  arrived 
at  from  an  inspection  of  the  dairies  and  dairy  farms  that  much  of  the 
milk  sold  in  the  District  is  old,  warm,  and  dirty,  is  not  handled  with 
intelligent  or  proper  care,  and  that  unless  this  condition  of  affairs  is 
corrected  it  must  remain  a menace  to  the  public  health,  not  only  from 
the  standpoint  of  t}^hoid  fever,  but  also  diphtheria,  scarlet  fever, 
summer  complaints  of  children,  tuberculosis,  etc. 

A REVIEW  OF  THE  LITERATURE  UPON  THE  BACTERIOLOGY  OF 

MILK. 

It  is  interesting  to  review  the  recent  literature  upon  the  number 
and  kinds  of  bacteria  found  in  milk  to  compare  vfith  our  work.  The 
following  is  taken  largely  from  the  excellent  referate  contained  in 
contribution  to  the  bacteriology  of  milk,’’  b}^  Alfred  MacConkey, 
Lister  Institute  of  Preventive  Medicine,  published  in  the  Journal 
of  Hygiene,  volume  6,  July,  1906,  page  385;  from  Allgemeine 
Morphologie  und  Biologie  der  pathogenen  Mikroorganismen  by  E. 
Gotschlich,  in  Kolle  & Massermann’s  Handbuch  der  pathogenen 
Mikroorganismen,  1st  Bd.,  page  29;  from  Park’s  Pathogenic  Micro- 
organisms, including  Bacteria  and  Protozoa,  1905;  and  from  various 
other  sources. 

Sedgvuck  and  Batchelder  “ (1892)  found  that,  with  moderate  pre- 
cautions on  the  part  of  the  milker,  the  number  of  bacteria  in  fresh 
milk  may  not  exceed  500  to  1,000  per  cubic  centimeter;  but  when 
the  ordinary  fiaring  milk  pail  is  used,  vuth  more  or  less  disturbance 
of  the  bedding  and  shaking  of  the  udder,  as  many  as  30,000  bacteria 
have  been  counted  in  1 cc. 

The  fact  that  it  is  practically  impossible,  under  ordinary  conditions, 
to  obtain  milk  uncontaminated  vuth  cowdung  is  believed  by  many. 
The  constant  presence  of  such  pollution  has  been  suggested  by  Park.^ 
(1901). 

Delepine  (1903)  considers  that  it  is  even  difficult  to  conceive 
how  slight  fecal  pollution  of  cow’s  milk  can  be  prevented  under  any 
circumstances. 

Boekhout  and  de  Vries'^  (1904)  are  of  the  same  opinion. 

MacConkey,  however,  finds  that  with  ordinary  care  and  cleanli- 
ness it  is  possible  to  obtain  milk  which  when  freshly  drawn  contains 
less  than  1,500  organisms  per  cubic  centimeter;  and,  further,  that 
such  milk  should  not  contain  gas-forming  organisms  in  less  than 
50  cc. 

Comparing  these  results  with  the  work  of  others  we  find  that  Park 

« Sedgwick  and  Batchelder.  Boston  Med.  and  Snrg.  Joiirn.,  1892. 

& Park,  W.  H.  Journ.  Hyg.,  vol.  1,  p.  391. 

c Delepine,  S.  Journ.  Hyg.,  vol.  3.  p.  68. 

Boekhout  and  de  Vries.  Centblt.  f.  Bakt.,  Abt.  2,  Bd.  12,  p.  89. 
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(1901)  found  the  average  bacterial  content  of  the  milk  from  six  sepa- 
rate cows  examined  five  hours  after  collection  to  be  6,000  per  cubic 
centimeter,  the  lowest  count  being  400  per  cubic  centimeter,  and  of 
25  cows  of  which  the  milk  was  tested  immediately  after  dravm,  it 
was  4,550. 

Burr®  (1902),  also  taking  every" reasonable  precaution,  found  500 
organisms  per  cubic  centimeter  in  the  milk  of  a single  cow. 

Von  Freudenreich^  (1902)  thought  it  would  be  easy  to  carry  out 
strict  asepsis  and  thus  obtain  a bacteria-free  milk;  but  he  soon  came 
to  the  conclusion  that  this  was  impossible.  He  found  that  milk 
always  contained  250  to  300  organisms  per  cubic  centimeter,  even 
though  the  milker’s  hands  and  the  teats  were  washed  first  with  soft 
soap  and  sterile  water  and  then  with  servatol  soap  and  sterile  water, 
and  finally  with  sterile  water  alone  and  dried  on  a sterile  towel.  The 
milker’s  hands  were  smeared  with  lanoline  and  the  first  milk  rejected. 
The  bacterial  content  of  the  mixed  milk  of  28  cows  milked  in  this 
way  varied  from  65  to  680  organisms  per  cubic  centimeter. 

Freudenreich  and  Thoni,^  from  a further  series  of  similar  experi- 
ments, conclude  that  freshly  drawn  milk,  even  when  the  most  careful 
precautions  are  taken  against  contamination,  always  contains 
bacteria;  that  these  are  mostly  cocci  and  that  they  come  from  the 
udder. 

Continuing  his  experiments  von  Freudenreich'^  (1903)  states 
that  he  examined  the  udders  and  the  milk  in  the  udders  of  15  cows 
in  13  cases  immediately  after  slaughtering.  He  found  none  bacteria 
free.  The  organisms  were  mostly  cocci.  B.  lactis  acidi  was  met 
with  once  only.  In  three  cases  the  ducts  were  diseased,  and  in  these 
cases  the  diseased  tissues  contained  fewer  organisms  than  usual. 
B.  coli  was  never  found.  He  mentions  that  Boekhout  and  de  ATies 
drew  milk  directly  from  the  udder  with  a sterile  canula  and  always 
got  a growth  from  it. 

'Lux^  (1904)  examined  milk  drawn  without  aseptic  precautions. 
Two  hundred  and  sixty  cow-milk  and  95  goat-milk  samples  were 
analyzed.  The  average  number  of  bacteria  per  cubic  centimeter 
was  1,395,  which  were  mostly  nonpathogenic  cocci. 

Henderson^  (1904)  examined  seven  normal  udders  and  obtained 
growth  in  76  per  cent  of  the  cultures  made,  the  organisms  being 
staphylococci,  streptococci,  and  pseudo-diptheria  bacilli.  Xo  organ- 
isms were  found  pathogenic  to  laboratory  animals. 

“Burr,  Rollin  H.  Centlblt.  f.  bakt.,  Abt.  2,  Bd.  8,  p.  236. 

& Freudenreich,  Ed.  von.  Centlblt.  f.  bakt.,  Abt.  2,  Bd.  8,  p.  674. 

c Freudenreich  and  Thoni.  Centlblt.  f.  bakt.,  Abt.  2.  Bd.  10,  p.  305. 

d Ibid.,  p.  401. 

eLux,  A.  Centlblt.  f.  bakt.,  Abt.  2,  Bd.  11,  p.  195. 

/Henderson,  J.  Journ.  roy.  san.  inst.,  vol.  25,  p.  563. 
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Willem  and  Miele“  (1905)  obtained  a milk  containing  2.5  bacteria 
per  cubic  centimeter.  The  milking  was  done  in  a special  place,  which 
was  kept  as  aseptic  as  possible.  The  greatest  care  was  taken  to 
insure  the  cows  being  clean.  The  udder  and  teats  were  washed 
before  each  milking  with  soap  and  boiled  water  or  an  aseptic 
solution. 

From  the  examples  quoted  we  see  that  it  is  practically  impossible 
to  obtain  bacteria-free  milk  but  that  the  organisms  in  carefully 
collected  milk  are  not  pathogenic  to  the  usual  laboratory  animals. 
We  may  allow,  then,  that  the  presence  of  such  organisms  in  reasonable 
number  would  not  render  a milk  harmful  to  man.  Lux’s  experi- 
ments have  shown  that  with  very  ordinary  care  it  is  possible  to 
obtain  a milk  containing  on  an  average  1,400  bacteria  per  cubic 
centimeter  and  it  is  obvious  that  ^vith  very  slight  trouble  the  number 
may  be  much  reduced. 

The  work  of  Park^  (1901),  Nicolle  and  Petit (1903),  Conn  and 
Esten^  (1904),  Koning^  (1905),  F.  C.  Harrison-^  (1905),  and  others 
has  shovm  that  if  milk  be  rapidly  cooled  to  11°  C.,  or  below,  very 
little  if  any  multiplication  of  organisms  takes  place  for  some  twelve 
hours.  Therefore  Park’s  suggested  average  standard  of  not  more  than 

12.000  bacteria  per  cubic  centimeter  in  warm,  and  5,000  per  cubic 
centimeter,  in  cold  weather  for  freshly  drawn  milk  seems  a generous 
standard  and  one  which,  with  a little  care,  should  be  easily  attained. 

It  is  necessar^^  to  note  that  ‘^separator  milk”  must  not  be  judged 
bv  the  same  standard  as  fresh  milk,  for  Severin  and  Budinoff^ 
(1905)  and  Severin^  have  shown  that,  even  when  every  possible  pre- 
caution is  taken  against  contamination,  the  milk  issuing  from  the 
separator  always  contains  many  more  bacteria  than  it  did  before  it 
passed  into  the  separating  chamber.  Severin  suggests  that  the 
mechanical  movement  completes  the  separation  of  bacteria  which 
were  only  partially  divided  when  they  entered  the  machine. 

It  may  be  of  interest  to  mention  that  Jenson*  (1903)  states  that 
the  results  of  the  Copenhagen  Hygiene  Commission  showed  that  of 
142  samples  of  pasteurized  milk  98  samples  contained  more  than 

100.000  microbes  per  cubic  centimeter. 

« Willem  and  Miele.  Rev.  gen.  du  Lait,  p.  409.  Ref. -Bull,  de  I’lnst.  Pasteur,  vol. 
3,  p.  725. 

& Park,  W.  H.  Journ.  hyg.,  vol.  1,  p.  391. 

c Nicolle,  C.,  and  Petit,  P.  Revue  med.  de  Normand.,  Dec.  25,  1903.  Ref. -Bull, 
de  rinst.  Pasteur,  vol.  2,  p.  552. 

Conn,  H.  W.,  and  Esten,  W.  M.  Reprints  of  studies  from  Rockefeller  Institute 
for  med.  research.,  1904. 

eKoning.  Centlblt.  f.  bakt.,  Abt.  2,  Bd.  14,  p.  424. 

/Harrison,  F.  C.  Centblt.  f.  bakt.,  Abt.  2,  Bd.  14,  p.  359. 

Severin,  S.,  and  Budinoff,  L.  Centblt.  f.  bakt.,  Abt.,  2,  Bd.  14,  p.  463. 

^Severin,  S.  Ibid,  p.  605. 

* Jensen,  C.  O.  Ibid.,  p.  228. 
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Concerning  tlie  character  of  the  organisms  found  in  milk,  most 
observers  agree  that,  while  bacteria  are  found  almost  constantly  in 
milk,  gas-forming  organisms  are  practically  never  met  with  in  milk 
dravm  directly  from  the  cow.  For  example,  von  Freudemeich  (1902) 
expresses  the  opinion  that  in  milk  dravm  directly  into  sterile  tubes 
one  usuall}"  finds  only  cocci  present.  Yon  Freudemeich  and  Thoni 
(1903)  showed  that  lactic  acid  bacilli  are  not  found  in  freshly  drawn 
milk. 

Fmther,  von  Freudemeich  (1903)  never  found  B.  coli  in  the  exam- 
ination of  15  udders  and  milk  in  them. 

Yon  Freudemeich  (1904)  never  found  B.  coli  or  B.  lactis  aerogenes 
in  the  udder,  and  only  one  in  milk  taken  directly  into  sterile  glasses. 

Lux  (1904)  found  B.  coli  and  B.  lactis  aerogenes  taken  together  in 
9 per  cent  of  his  samples.  But  he  took  no  precautions  as  regards 
cleaning  the  udder. 

Burr  (1902)  instituted  several  series  of  experiments  to  ascertain 
the  source  of  the  acid  organisms  of  milk  and  cream.  He  took  great 
care  to  have  the  stables,  cows,  and  everything  connected  with  them 
thoroughly  clean.  In  milk  drawn  straight  into  test  tubes  he  did  not 
find  lactic  acid  bacilli,  but  they  were  found  in  the  cream  of  milk 
drawn  into  a sterile  pail.  Plates  exposed  under  the  cows  for  ten, 
twenty,  thirty,  and  forty  seconds  during  mi' Iking  all  contained  B. 
lactis  aerogenes,  B.  acidi  lactici  II,  but  no  B.  acidi  lactici  I.  Tubes  of 
sterile  milk  exposed  about  the  barn  and  under  the  cows  contained  in 
nearly  every  case  all  the  varieties  of  the  bacilli  mentioned,  while 
milk  taken  at  the  same  time  direct  from  the  udder  did  not  contam 
any.  He  also  examined  the  glandular  part,  the  milk  cistern,  and  the 
begumhig  of  the  teat  of  two  udders,  and  failed  to  find  any  of  these 
three  bacilli. 

He  concludes  that  the  lactic  acid  organisms,  B.  lactis  aerogenes,  B. 
acidi  lactici  II  and  I — the  latter  organism  being  the  B.  acidi  lactici 
of  Hiippe,  ]Yarpmarm,  and  Esten — are  a contamination  from  outside 
the  udder.  B.  acidi  lactici  II  and  B.  lactis  aerogenes  are  commonly 
very  abundant  in  the  stable,  while  B.  acidi  lactici  I,  though  almost 
universally  present,  exists  in  relatively  small  numbers. 

Conn  (1902)  considers  that  the  milk  bacilli  come  seldom  from  the 
milk  passages,  but  chiefly  from  sources  distinct  from  the  cow. 

Harrison  (1905)  examined  the  milk  of  25  cows.  The  udders  and 
flanks  were  brushed  and  vuped  with  a damp  cloth,  the  first  milk  was 
rejected,  and  the  samples  then  taken  in  sterile  test  tubes.  From  the 
milk  of  two  of  these  cows  gas-producing  bacteria  were  isolated. 
* * * He  mentions  that  Moor  and  Ward  have  also  isolated  gas- 
producing  bacilli  from  the  udders  of  certain  cows,  but  that  it  is  evi- 
dently an  exceptional  state  of  affairs. 
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Savage  “ (1906)  as  the  result  of  his  investigations  lound  that  milk 
from  individual  cows  yielded  B.  coli  in  17.5  per  cent  of  the  samples. 
In  11  mixed  milks  collected  fresh  at  the  farm  and  examined  witliin 
three  hours  B.  coli  was  present  in  36  per  cent,  and  in  16  shop  samples 
and  mixed  milk  samples,  not  examined  at  once,  they  were  present  in 
94  per  cent  of  the  samples. 

Heinemann^  (1905)  considers  that  the  lactic  ferments  are  of  intes- 
tinal origin  and  are  present  in  milk  o\ving  to  contamination  with 
feces. 

MacConkey  further  savs  that  with  ordinarv  care  and  cleanliness  it 
is  possible  to  obtain  milk  which,  when  freslily  draAvn,  contains  less 
than  1,500  organisms  per  cubic  centimeter. 

Freslily  dravm  milk  should  not  contain  gas-forming  organisms  in 
at  least  50  cc. 

Gas-forming  organisms  are  present  in  milk  ovdng  to  contammation 
with  fecal  matter.  Of  these  organisms  the  B.  oxytocus  pcrniciosus, 
B.  neapolitanus,  and  the  B.  coli  communis  occur  in  greatest  number 
in  fresh  milk,  while  the  B.  cloacae  and  B.  lactis  aerogenes  appear  at  a 
later  stage. 

Out  of  107  nonchromogenic  lactose  fermenters  isolated  from  milk 
only  one  bacillus  gave  the  reactions  of  the  B.  acidi  lactici  (Htippe), 
while  the  B.  GrilntJial,  B.  pneumoniae  (Friedlander),  and  the  B.  cos- 
coroha  have  not  been  met  with  once. 

It  seems,  then,  to  be  the  general  opinion  that  gas-forming  bacteria  are 
not  normally  present  in  mhk,  but  that  they  gain  access  to  it  because 
of  want  of  care  and  cleanliness  during  the  milking  and  in  connection 

o o 

with  the  various  vessels  in  which  the  milk  is  stored.  Tliis  opinion  is 
quite  borne  out  by  the  results  of  the  experiments  detailed  in  this 
paper. 

Berge}^^^  (1904)  collected  samples  of  milk  drawn  m sterile  tubes 
directlv  from  the  udder  of  individual  cows  and  showed  that  about 
one-third  were  free  from  bacteria,  while  only  about  10  per  cent  of 
the  samples  contained  large  numbers — over  5,000  per  cubic  centi- 
meter. The  prevailing  bacteria  were  pyogenic  organisms,  and  when 
in  large  numbers  were  usually  associated  with  inflammatory  reactions 
in  the  udder.  The  organisms  of  putrefaction  and  the  lactic  acid 
bacteria  gain  access  to  the  milk  after  it  leaves  the  udder. 

Bergey^  (1904)  also  found  the  species  of  bacteria  which  appeared 
to  be  present  m freslily -drawn  milk,  such  as  staphylococci,  strepto- 

o Savage,  W.  G.,  Jomn.  hyg.,  vol.  6,  p.  123. 

& Heinemann.  Ref. -Bull,  de  I’Inst.  Pasteur,  vol.  4,  p.  246. 

c Bergey,  D.  H.:  The  cellular  and  bacterial  content  of  cow’s  milk  at  different  peri- 
ods of  lactation.  Rpr.  Univ.  Pa.  med.  bull.,  July- Aug.,  1904. 

Bergey,  D.  H.:  Sanitaiy  supervision  of  the  collection  and  marketing  of  milk. 
Ibid. 
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cocci,  and  the  bacillus  of  pseudodiphtheria.  These  are  organisms 
which  are  concerned  in  the  production  of  inflammatory  reactions. 
The  bacteria  gaining  access  to  the  milk  during  milking  and  from 
various  outside  sources  are  the  lactic  acid  bacteria  and  the  putrefac- 
tive bacteria.  The  lactic  acid  bacteria,  according  to  Bergey,  consist 
of  several  varieties,  such  as  B.  acidi  lactici,  B.  lactis,  M.  acidi  lactici, 
and  B.  coli  communis. 

Park°^  found  that  milk  taken  from  a number  of  cows  in  which 
almost  no  outside  contamination  had  occurred  contained,  as  a rule, 
very  few  bacteria,  and  these  were  streptocci,  staphylococci,  and 
other  varieties  of  bacteria  not  often  found  in  milk  sold  in  New  York 
City,  the  temperature  at  which  milk  is  kept  being  less  suitable  for 
them  than  for  bacteria  /hich  fall  into  the  milk  from  dust,  manure,  etc. 

a Park,  William  Hallock:  Pathogenic  micro-organisms,  including  bacteria  and  pro- 
tozoa; a practical  manual  for  students,  physicians,  and  health  officers.  New  York, 
Lea  Brothers  & Co.,  1905. 
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ICE. 


Ice  was  not  suspected  of  being  a vehicle  by  wliicli  t^'plioid  infec- 
tion could  be  spread  until  it  was  shown  in  bacteriological  laborato- 
ries that  t^’phoid  cultures  are  not  killed  by  freezing. 

Such  diseases  as  dysenter}^  and  other  more  or  less  severe  intes- 
tinal disorders,  as  well  as  typhoid  fever,  have  at  times  been  attrib- 
uted to  the  use  of  impure  ice.  The  question  was  therefore  given 
special  attention  by  us. 

All  the  ice  factories  in  the  District  of  Columbia  were  inspected  and 
samples  of  natural  and  manufactured  ice  examined  bacteriologic- 
ally  and  chemically.  Similar  analyses  were  made  of  all  the  well 
waters  used  by  the  ice  factories  in  the  manufacture  of  ice. 

In  the  epidemiological  part  of  our  investigations  the  drinking  of 
iced  water  and  water  obtained  from  melting  ice  was  made  one  of 
the  special  inquiries  in  each  of  the  747  cases. 

Five  hundred  and  ninety-eight  of  the  cases  used  ice  in  or  for 
drinking  water,  in  iced  tea,  etc.;  125  used  no  ice  in  foods  or  bever- 
ages. For  24  of  the  cases  no  definite  statements  regarding  the  use 
of  ice  were  obtainable. 

Our  studies  indicate  that  ice  played  little,  if  any,  part  in  spread- 
ing the  infection  of  typhoid  fever  in  the  District  of  Columbia.  How- 
ever, the  inspection  of  the  ice  factories  and  the  manner  in  which  ice 
is  handled  disclosed  several  faults  which  should  be  corrected  in  order 
to  insure  a cleaner  product  and  safeguard  the  public  against  the 
possibility  of  injurious  contamination  during  the  process  of  manu- 
facture. 

ICE  AND  TYPHOID  FEVER. 

Neufeld  ® (1903),  in  his  article  on  typhoid  fever,  believes  that  the 
disease  may  undoubtedly  be  spread  through  the  agency  of  ice, 
because  the  bacilli  are  resistant  to  cold. 

Park  ® (1901)  described  an  epidemic  which  was  believed  to  have 
had  its  origin  in  ice  obtained  from  a pond  in  which  it  was  shown 
that  the  excrement  from  a patient  sick  with  typhoid  fever  had  been 
tlu*own  while  the  pond  was  covered  with  ice. 

oNeufeld,  F.:  T^^phiis.  IX.  Epidemiologie  of  Kolle  & Wassermann’s  Handbuch 
der  pathogenen  Mikroorganismen,  Bd.  2,  p.  291. 

&Park,  W.  H.;  Virchow-Hirsch’s  Jahrsbericht  fiir  1901,  p.  16. 
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In  the  second  annual  report  of  the  Board  of  Health  of  Connecticut 
for  1882  an  interesting  single  case  of  typhoid  fever  is  cited  as  prob- 
ably derived  from  ice. 

Dorange  ® (1898)  described  an  epidemic  of  typhoid  fever  attrib- 
uted to  ice  among  8 lieutenants  in  a regiment  stationed  at  Rennes 
in  the  autumn  of  1895.  The  implication  of  the  ice  in  this  instance 
rests  upon  a doubtful  chain  of  evidence,  however,  and  no  mention 
is  made  of  other  possible  factors. 

Hutchins  and  Wheeler  ^ (1903)  report  an  epidemic  of  typhoid 
fever  in  the  St.  Lawrence  State  Hospital,  3 miles  below  Ogdensburg, 
N.  Y.,  which  seems  to  have  been  due  to  impure  ice.  The  disease 
was  endemic  in  the  hospital  for  ten  years,  increasing  from  2 cases 
with  the  opening  of  the  hospital  in  1890  to  40  cases  in  1900.  Although 
the  water  supply,  tested  bacteriologically  and  chemically,  gave  nega- 
tive results,  all  observers  agreed  that  the  disease  was  water  borne. 
In  December,  1900,  the  source  of  the  water  supply  was  changed  to 
the  Oswegatcliie  River,  a small  Adirondack  stream  supplying  Ogdens- 
burg. This  practically  put  a stop  to  the  disease,  for  there  were  no 
cases  of  typhoid  that  were  not  clearly  contracted  elsewhere  until 
October,  1902. 

Following  this  eight  persons  were  attacked,  seven  of  whom  were 
employees  of  the  dining  room.  It  seems  the  milk  ^Yould  not  have 
been  infected.’’  The  water  was  excluded  and  other  sources  studied 
with  negative  results.  The  ice  fell  under  suspicion;  it  had  recently 
been  taken  from  a newly  opened  ice  house.  The  ice  had  been  taken 
from  the  St.  Lawrence  at  about  the  same  spot  as  the  ice  previously 
used.  It  was  gathered  in  February,  and  consequently  had  been 
stored  for  seven  months.  This  ice  disclosed  a contamination  of 
30,400  bacteria  per  cubic  centimeter  on  agar  plates  and  50,400  on 
gelatin.  Of  8 fermentation  tubes  3 showed  evidence  of  organic 
contamination  in  the  form  of  the  colon  bacillus. 

The  stock  of  ice  was  then  examined.  In  the  center  of  certain 
cakes  were  found  foreign  substances  in  the  form  of  black  or  dark 
brown  granular  matter.  Examined  under  the  microscope  this  mat- 
ter was  found  to  be  teeming  with  bacteria,  from  which  both  the  colon 
and  typhoid  bacillus  were  isolated  in  pure  culture. 

With  the  discontinuance  of  the  use  of  this  infected  ice  the  epidemic 
gradually  subsided.  There  were  in  all  39  cases. 

While  it  appears  probable  that  milder  intestinal  diseases  may  be 
caused  by  ice  highly  polluted  with  decomposing  organic  matter,  of 

“Dorange:  Epidemie  de  fievre  typhoide  du  a I’ingestion  de  glace  impure.  Rev. 
d’Hyg.,  vol.  20,  1898,  p.  295. 

& Hutchings,  R.  H.,  and  Wheeler,  A.  W.:  An  epidemic  of  typhoid  fever  due  to 
impure  ice.  Am.  Journ.  Med.  Sci.,  vol.  126,  1903,  p.  680. 
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which  the  Rye  Beach  epidemic,  carefully  studied  by  Nichols,®  of 
Boston,  in  1875,  is  a point  in  evidence,  the  case  is  different  with 
typhoid  fever.  In  only  a few  isolated  instances  has  ice  been  accused 
of  being  the  vehicle  by  which  the  infection  of  typhoid  fever  has  been 
spread. 

Sedgwick  and  Winslow^  (1902),  after  reviewing  the  literature  upon 
the  subject  of  ice  supply  and  public  health,  express  the  opinion  that 
no  epidemic  of  typhoid  fever  has  been  satisfactorily  traced  to  such  a 
source.  They  point  out  the  fact  that,  while  it  is  known  that  cultures 
of  typhoid  fever  are  not  sterilized  by  freezing,  the  important  question 
of  the  quantitative  reduction  of  this  species  by  freezing  had  been  stud- 
ied in  only  two  limited  investigations.  They  therefore  froze  large 
numbers  of  tubes  inoculated  with  four  different  races  of  the  typhoid 
bacillus  and  determined  the  reduction  after  various  periods. 

Sedgwick  and  Winslow  draw  the  following  poignant  deductions: 
‘‘  Reviewing  the  several  series  of  experiments  described  in  detail,  and 
keeping  carefully  in  mind  the  conditions  under  which  natural  ice  is 
formed,  cut,  harvested,  stored,  delivered,  and  finally  consumed,  as 
well  as  those  pertaining  to  the  manufacture,  distribution,  and  con- 
sumption of  artificial  ice,  certain  conclusions  appear  to  be  justified 
concerning  ice  as  a vehicle  of  disease,  and  these  conclusions  are,  on 
the  whole,  decidedly  reassuring. 

‘‘  The  conditions  which  tend  naturally  to  purify  polluted  waters  are 
now  well  understood.  Light,  cold,  and  pure-food  supply  are  anti- 
septic or  disinfectant  agents  of  considerable  power;  hostile  infusoria 
may  devour  the  living  germs  of  infectious  disease ; the  chemical  com- 
position of  the  water  may  be  unfavorable  to  their  survival,  and  grav- 
ity may  cause  them  to  settle  to  the  bottom,  where  they  may  soon 
perish  for  want  of  air.  The  main  factor  determining  the  reduction 
of  germs  in  water  is,  however,  the  time — the  time  during  which  these 
and  other  forces  are  left  to  act.  Epidemiology  shows  clearly  that 
disease  follows  best  a direct  quick  transfer  of  infectious  material 
from  patient  to  susceptible  victim,  and,  if  storage  of  water  for  some 
months  could  be  insured,  many  sanitarians  would  consider  such  stor- 
age a sufficient  purification. 

‘ ‘ In  ice  we  have  this  condition  realized — a forced  storage  of  at  least 

“ Nichols,  A.  H. : Report  on  an  outbreak  of  intestinal  disorder  attributable  to  the 
contamination  of  drinking  water  by  means  of  impure  ice.  Seventh  Ann.  Rep. , S.  B . H. , 
Mass.,  1876,  p.  467. 

& Sedgwick,  W.  T.,  and  Winslow,  C.-E.  A.:  Experiments  on  the  effect  of  freezing 
and  other  low  temperatures  upon  the  viability  of  the  bacillus  of  typhoid  fever,  with 
considerations  regarding  ice  as  a vehicle  of  infectious  disease.  2.  Statistical  studies 
on  the  seasonal  prevalence  of  typhoid  fever  in  various  countries  and  its  relation  to 
seasonal  temperature.  Mem.  Am.  Acad.  Arts  & Sci.,  vol.  12,  no.  5,  Aug.,  1902.  Sum- 
mary, Boston  Soc.  Med.  Sci.,  1899-1900,  v.  4,  p.  181. 
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weeks  and  at  best  of  many  months.  At  the  same  time  the  other 
effective  conditions  are  also  heightened.  It  is  no  wonder,  then,  that 
our  experiments  show  a reduction  of  over  99  per  cent  typhoid 
bacilli  frozen,  and  we  may  be  sure  that  in  nature  the  destruction 
would  exceed  rather* than  fall  short  of  such  a limit. 

This  reduction  obtains  in  tubes  which  are  frozen  solid,  where  there 
is  no  chance  for  mechanical  extrusion.  In  natural  ice  there  is  another 
purifying  influence.  Of  the  germs  remaining  in  the  water  at  the 
time  of  freezing,  90  per  cent  are  thrown  out  by  the  physical  phenom- 
ena of  that  process.  This  reduction  is  separate  from  and  supple- 
mentary to  the  disinfecting  action  of  the  cold.  Accordingly,  when 
both  factors  work  together  it  is  obvious  that  only  one  out  of  a thou- 
sand t}^phoid  germs  present  in  a polluted  stream  has  a chance  of 
surviving  in  the  ice. 

Under  natural  conditions  the  pathogenic  germs  present  in  the 
most  highly  polluted  stream  are  comparatively  few.  Of  these  few 
one-tenth  of  1 per  cent  may  be  present  in  ice  derived  therefrom.  But 
even  these  scattered  individuals  are  weakened  by  their  sojourn  under 
unfavorable  conditions,  so  that,  as  we  have  seen,  they  require  nearly 
twice  as  long  for  their  development  as  do  the  normal  germs,  and 
these  few  and  weakened  germs  very  likely  could  not  produce  many, 
if  any,  cases  of  typhoid  fever,  for  vitality  and  virulence  in  disease 
germs  are  probably  closely  related. 

^AYith  artificial  ice  the  case  is  somewhat  different,  for  such  ice  is 
made  from  water  frozen  solid  and  is  as  a rule  quickly  consumed. 
Artificial  ice,  if  made  from  pure  water,  should  be  above  reproach; 
but  if  it  be  made  from  water  that  is  impure  it  may  contain  the  germs 
of  infectious  disease;  and  inasmuch  as  artificial  ice  is  used  quickly 
after  its  manufacture,  the  possibility  of  purification  by  time  is 
excluded,  and  such  ice  might  therefore  conceivably  be  a menace  to 
the  public  health. 

^AYith  natural  ice,  as  long  as  absolute  sterilization  is  not  effected, 
there  must  always  remain  a certain  element  of  doubt,  as  in  the  case 
of  sand  filters  alluded  to  above  or  in  the  practice  of  room  disinfection 
after  contagious  diseases.  The  thickness  of  a layer  of  ice  is  often 
artificially  increased  b}^  cutting  holes  in  it  and  flooding  that  already 
formed  with  the  water  of  the  pond.  In  such  a case  the  effects  of 
crystallization  are  excluded,  as  in  the  laboratory  tubes.  Ice  thus 
formed  might  be  cut  at  once  and  served  within  a week  or  two,  and  in 
such  an  exceptional  case  we  can  not  say  that  sufficient  of  the  virus 
might  not  persist  to  excite  the  malady.  Yet  such  an  instance  must 
be  very  exceptional,  and  the  general  result  of  human  experience,  the 
absence  of  epidemics  of  typhoid  fever  traced  conclusively  to  ice,  the 
fact  that  cities  like  New  York,  and  Lowell  and  Lawrence  in  Massa- 
chusetts, have  used  the  ice  of  polluted  streams  and  have  yet  main- 
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tained  low  death  rates  from  typhoid  fever,  all  tend  to  support  the 
conclusion  at  which  we  have  arrived,  namely,  that  natural  ice  can 
very  rarely  be  a vehicle  of  typhoid  fever,” 

We  must  admit  the  power  of  cold  water  and^  freezing  to  destroy 
large  amounts  of  typhoid  infection,  but  low  temperatures  alone  can 
not  be  depended  upon  to  remove  the  danger  in  infected  water,  especi- 
ally when  the  infection  is  recent  and  concentrated.  For  example, 
we  have  the  water-borne  epidemic  in  Plymouth,  Pa.,  in  1885,  which 
began  with  the  spring  thaw.  The  outbreak  in  Ithaca,  N.  Y.,  started 
in  epidemic  proportions  in  January.  The  epidemic  in  Sherbourne, 
England,  in  1873,  likewise  started  in  January.  Four  acute  epidemic 
exacerbations  are  recorded  in  Philadelphia  in  December  of  the  years 
1884,  1890,  1899,  and  1903.  Several  similar  epidemics  have  occurred 
in  the  winter  in  Chicago — one  in  January,  1890,  another  in  January, 
1896,  and  one  in  March,  1891.  Another  striking  instance  is  the  epi- 
demic in  Newark,  N.  J.,  in  February,  1899,  and  the  one  in  Decem- 
ber, 1891.  Further,  epidemics  are  recorded  in  Berlin  in  February, 
1889,  in  Paris  in  February,  1894,  and  in  ATenna  in  November,  1888. 
All  of  these  are  generally  believed  to  have  been  water  borne. 

The  occurrence  of  water-borne  epidemics  in  the  earty  spring,  when 
the  water  is  very  cold  and  the  conditions  presumably  unfavorable,  is 
quite  common. 


INSPECTION  OF  THE  ICE  FACTORIES. 

Passed  Assistant  Surgeon  Baydis  H.  Earle,  United  States  Public 
Health  and  Marine-Hospital  Service,  was  detailed  to  make  a sanitary 
inspection  of  the  ice  factories  in  the  District,  and  makes  the  following 
report : 

Fifteen  factories  and  storerooms  were  inspected  during  the  period 
between  August  22  and  September  11,  1906,  as  follows: 

Ice  factories  of  the  District  of  Columbia. 

HOME  ICE  COMPANY  (INDEPENDENT),  TWELFTH  AND  V STREETS  NW. 

Daily  output. — Can  system,  50  tons;  plate  system,  40  tons. 

Water  used. — Some  city  water;  3 driven  wells,  60  feet  deep;  2 dug  wells,  36  feet 
deep.® 

Processes,  filtration,  etc. — ^Can  system;  (1)  Exhaust  steam  from  engine;  (2)  grease 
separator;  (3)  condenser;  (4)  reboiler;  (5)  skimmer;  (6)  grease  traps;  (7)  forecooler; 
(8)  charcoal  filters,  containing  also  ground  quartz  (York  Manufacturing  Company, 
York,  Pa.);  (9)  automatic  fillers.  Plate  system:  Quartz  filters  (*?)  claimed  by  owner, 
but  think  water  is,  as  a rule,  used  direct  from  tap. 

Wells,  and  locations  of  same. — Driven  wells:  (1)  one  under  plate  ice  tank,  60  feet; 
(2)  one  under  engine  room,  60  feet;  (3)  one  under  fireroom,  60  feet;  (4)  one  under 
office,  60  feet  (not  in  use);  (5)  one  at  east  end  of  loading  platform,  240  feet  (not  success- 
ful). Dug  wells;  (1)  One  in  “outside”  stable,  36  feet,  and  (2)  one  in  engine  room,  36 
feet.  (Claims  water  from  dug  wells  for  condensing  only.) 


®For  condensing  only  (?). 
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Employees,  water-closets,  etc. — There  are  30  persons,  including  clerks  and  drivers, 
employed  about  the  factory,  for  whose  use  there  are  only  two  water-closets:  (1)  One  on 
second  floor  over  office,  and  (2)  one  on  second  floor  adjoining  engine  room  and  near 
plate  ice  factory. 

Horses,  stohles,  etc. — Twenty-four  horses,  used  for  delivery  of  ice  One  stable  inside 
building,  being  changed  to  ice  storage  room;  one  in  yard  and  adjoining  factory,  having 
entrances  on  yard  common  to  stable  and  factory. 

HYGIENIC  ICE  COilPANY,  FIETEENTH  AND  E STREETS  NE. 

[Station  No.  2 of  the  American  lee  Company.] 

Daily  output. — Can  system,  150  tons;  plate  system,  20  tons. 

Water  used. — Some  city  water,  spring  water,  and  seven  driven  wells,  one  80  feet  and 
six  200  feet.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam’ from  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  reboilers,  three;  (5)  skimmers;  (6)  grease  traps;  (7)  two 
old  Loomis,  two  Hammond-Sashore’s  charcoal,  and  one  sponge  filter;  (8)  automatic 
fillers.  Plate  system:  Paw,  from  spring. 

Wells,  and  locations  of  same. — Driven  wells:  All  in  yard  between  factory  and  stable, 
fence  and  spring  room  (basement) . One  is  80  feet  deep ; the  other  six  are  each  about 
200  feet  deep.  Spring,  with  very  large  volume  of  water,  opens  from  foot  of  hill  in  east 
end  of  (an  old,  dark,  and  muddy)  unused  basement  room  (full  of  trash,  rotting  wood, 
and  even  horse  manure). 

Employees,  water-closets,  etc. — There  are  75  persons,  including  clerks  and  drivers, 
employed  about  the  factory,  for  whose  use  there  is  only  one  water-closet,  over  the  office. 
(Insufficient,  and  men  use  yard,  hillside,  basement,  etc. — anj^where  they  can  get  cover, 
as  by  weeds.  Human  feces  on  board  cover  to  deep  well  near  door  to  spring  room.) 

Horses,  stables,  etc. — Fifty-one  horses  used  for  delivery  of  ice.  Three  stables  in  yard, 
between  factory  and  hill,  and  very  near  seven  driven  wells  and  door  to  spring  room. 
(Horse  manure  on  and  urine  around  board  cover  of  nearest  driven  well.) 

PURITY  ICE  COMPANY,  BETWEEN  K STREET,  NAYLOR’s  ALLEY,  AND  OLD  CONVENTION 

HALL  MARKET,  NEAR  ELFTH  STREET  NW. 

[Columbia  Ice  Company  controls  output.  In  hands  of  receiver.] 

Daily  output. — Can  system,  80  tons;  plate  system,  23  tons  (April  1 to  September  30, 
inclusive). 

Water  used. — City  water;  three  driven  wells,  120  feet  deep.® 

Processes,  filtration,  etc. — Can  system — one  side  (old):  (1)  exhaust  steam  from 
engines;  (2)  grease  separator;  (3)  Holman’s  patent  condenser  and  coke  filters;  (4) 
reboilers;  (5)  skimmers;  (6)  grease  traps;  (7)  two  charcoal  filters;  (8)  cans  by  auto- 
matic fillers.  Other  side  (new):  Same,  except  (3)  cold  water  condensers.  Plate  sys- 
tem: Water  through  one  large  Loomis-Manning  sand  and  gravel  filter.  (Latter  is 
doubtful.) 

Wells,  and  locations  of  same. — Driven  wells:  (1)  Two  under  engine  room,  120  feet 
deep;  (2)  two  under  boiler  room,  120  feet  deep  (one  of  these  not  in  use).  Dug  wells: 
One  in  fire  room,  30  feet  deep  (not  in  use,  supply  insufficient). 

Employees,  water-closets,  etc. — There  are  28  persons  (no  clerks  and  drivers)  employed 
about  the  factory,  for  whose  use  there  is  one  water-closet  with  one  hole  in  engine  room. 
Other  persons  must  use  market  closets  in  old  Convention  Hall  across  the  alley,  which  is 
in  very'  unhygienic  condition. 

Horses,  stables,  etc. — Xo  horses  or  stables,  as  output  is  controlled  by  Columbia  Ice 
Company.  However,  many  horses  in  alley  between  market  and  factory;  also  garbage 
and  other  refuse  from  the  market. 
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CRYSTAL  PLATE  ICE  COMPANY,  THIRTY-FIFTH  AND  K STREETS  NW.  (GEORGETOWN). 

[American  Ice  Company  controls  output.] 

Daily  output. — Can  system,  50  tons  (May  1 to  October  1);  plate  system,  35  tons 
(year  around). 

Water  used. — City  water;  canal  water  (condensers  and  water  wheel)  (one-half  power 
steam  and  one-half  water).® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  the  engines;  (2) 
grease  separator;  (3)  condenser;  (4)  reboilers;  (5)  skimmers;  (6)  grease  traps;  (7) 
three  Frick  filters,  tandem,  and  two  New  York  Manufacturing  Company’s  filters,  and 
(8)  cans  by  automatic  fillers.  Plate  system:  Raw,  from  city  main. 

Wells,  and  locations  of  same. — Driven  wells:  Two  40-foot  wells  were  driven  in  present 
building,  but  water  was  too  warm  for  condensing  and  they  were  abandoned. 

Employees,  water-closets,  etc. — There  are  15  persons  (no  drivers)  employed  about  the 
factory,  for  whose  use  there  are  two  privies,  built  over  the  river,  about  150  feet  from 
front  of  factory. 

Horses,  stables,  etc. — No  horses  or  stables,  as  output  is  controlled  by  American  Ice 
Company.  However,  horses  and  wagons  stand  in  front  and  there  is  much  horse 
manure  and  urine  on  the  street. 

GEORGETOWN  ICE  COMPANY,  3327,  3329,  3331  K STREET  NW.  (GEORGETOWN). 

[American  Icc  Company  controls  output.] 

Daily  output. — Plate  system  only,  20  tons  (23  tons  in  winter). 

Water  used. — City  water;  canal  water  (condensers  and  water  wheel).®  Water  power 
only. 

Processes,  filtration,  etc. — Plate  system:  Raw,  from  city  mains  (used  to  filter,  but  not 
since  installation  of  city  filtration  plant). 

Wells,  and  locations  of  same. — ^Driven  wells:  One  driven  80  feet,  but  could  get  no 
water — solid  rock  at  that  depth.  Located  in  engine  room.& 

Employees,  water-closets,  etc. — There  are  5 persons  on  regular  duty,  and  1 extra  in 
cases  of  emergency,  for  whose  use  there  is  one  privy  over  wheel  pit  on  second  floor ; 
discharges  into  tail  race,  which  empties  into  river. 

Horses,  stables,  etc. — No  horses  or  stables,  as  output  is  controlled  by  American  Ice 
Company.  However,  horses  and  wagons  stand  in  front,  and  there  is  much  horse 
manure  and  urine  on  the  street. 

STATION  NO.  3 OF  THE  AMERICAN  ICE  COMPANY,  CORNER  OF  GRACE  AND  POTOMAC 
- , STREETS  NW.  (GEORGETOWN). 

Daily  output. — Plate  system  only,  30  tons  (45  tons  in  winter). 

Water  used. — City  water;  canal  water  (condensers  and  water  wheel).®  Water  power 
only. 

Processes,  filtration,  etc. — Plate  system:  (1)  City  water  through  three  large  crushed 
flint  filters;  (2)  forecooler;  (3)  one  sponge  cooler;  (4)  storage  tank  (well  covered). 
Three  flint  filters  and  one  sponge  filter  work  tandem. 

Wells,  and  locations  of  same. — None. 

Employees,  water-closets,  etc. — There  are  8 persons  (no  drivers)  employed  about  the 
factory,  for  whose  use  there  is  one  privy,  having  one  hole;  place,  outside  and  back  of 
factory  over  the  fore  bay  of  the  flour  mill  just  below. 

Horses,  stables,  etc. — No  horses  or  stables,  as  output  is  controlled  by  American  Ice 
Company.  However,  horses  and  wagons  stand  in  fron^  and  there  is  much  horse 
manure  and  urine  on  the  street. 
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THE  A.  LOEELER  SAUSAGE  AND  PROTISIOX  COMPAXIT  (iXDEPEXDEXT),  3830  BRIGHT- 

■\YOOD  ATEXUE  XW. 

[Cold  storage  plant.  Cold  air  used.  Only  5 tons  of  ice.] 

Daily  output. — Can  system  only,  5 tons. 

Water  used. — City  tvater;  one  dug  well  (condensers),  16  feet  deep.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  rehoilers;  (5)  skimmers;  (6)  grease  traps;  (7)  cooler; 
(8)  forecooler;  (9)  filters,  and  (10)  cans  by  automatic  fillers.  (Salt  brine  and  anhy- 
drous ammonia  used.) 

Wells,  and  locations  of  same. — Dug  wells:  One  dug  well,  under  boiler  house,  16  feet 
deep. 

Employees,  water-closets,  etc. — There  are  35  persons,  including  clerks  and  drivers, 
employed  about  the  factory,  for  whose  use  there  are  three  water-closets,  two  between 
residence  and  factory  and  one  between  engine  room  of  latter  and  barn. 

Horses,  stables,  etc. — Fifteen  horses  used  in  connection  with  meat  plant,  which  is 
the  main  part  of  this  factory.  Sell  only  a few  tons  of  ice.  Two  stables  in  yard  near 
ice  factoiy.  Manure  said  to  be  hauled  away  daily. 

WASHIXGTOX'  MARKET  COMPAXA'  (iX'DEPEXDEXT),  B STREET,  BETWEEX'  SEVEXTH 

AXD  XIXTH  STREETS,  XW. 

Daily  output. — Can  system  only,  20  tons. 

Water  used. — City  water;  two  driven  wells,  one  83  feet,  the  other  42  feet.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  engines;  (2)  gi-ease 
separator;  (3)  condenser;  (4)  reboilers;  (5)  skimmers;  (6)  grease  traps;  (7)  cooler; 
(8)  two  large  charcoal  filters  (TTork  Manufactming  Company,  Y’ork,  Pa.);  (9)  storage 
tank  and  forecooler,  and  (10)  cans  by  automatic  fillers. 

Wells,  and  locations  of  same. — Driven  wells:  One  in  yard,  near  Seventh  street  wing, 
83  feet  deep,  and  one  in  yard  near  its  center,  42  feet  deep. 

Employees,  icater-closets , etc. — There  are  6 persons  employed  to  attend  to  the  mak- 
ing and  pulling  of  ice,  for  whose  use  there  is  one  water-closet,  with  seven  seats,  and  a 
trpugh  urinal,  opening  on  the  yard. 

Horses,  stables,  etc. — Xo  horses  stabled  near  market,  but  many  wagons  are  brought 
there  daily,  so  that  the  yard  and  surrounding  streets  are  about  as  bad  as  or  worse  than 
a stable. 

XICHOLAS  AUTH  PROVISIOX  GOMPAXY  (iXDEPEXDEXt),  SEVEXTH  STREET  AXD  VIRGIXLV 

AA’EXUE  SW. 

Daily  output. — Can  system  only,  15  tons  (except  January,  February,  and  December 
of  each  year). 

Water  used. — City  water;  three  driven  wells,  one  30  feet,  one  220  feet,  and  one  65 
feet.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  reboiler;  (5)  skimmer;  (6)  grease  and  oil  traps;  (7) 
cooler;  (8)  two  large  charcoal  filters  (Vilter  Manufacturing  Company,  Milwaukee, 
IVis.);  (9)  storage  tank  and  forecooler,  and  (10)  cans  by  automatic  filler. 

Wells,  and  locations  of  same. — Driven  wells:  One,  midway  under  building,  30  feet 
deep;  one,  midway  under  building,  220  feet  deep,  and  one  in  yard,  65  feet  deep. 

Employees,  water-closets,  etc. — There  are  6 persons  employed  to  attend  to  the  mak- 
ing and  pulling  of  ice,  but  60  are  employed  on  the  premises.  For  all  of  these  there 
are  two  water-closets  upstairs,  two  first  floor,  and  one  basement,  and  there  is  one 
concrete-floor  urinal. 
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Horses,  stables,  etc. — Twenty-eight  horses  used  in  connection  with  meat  plant,  which 
is  the  main  part  of  this  factory.  Sell  only  a few  tons  of  ice.  Stables  at  corner  of  Sixth 
street  and  Virginia  avenue  SW.,  a large  house  interv^ening  between  them  and  the 
factory.  Manure  hauled  away  twice  a week. 

CHAPIN-SACKS  MANUFACTURING  COMPANY,  FIRST  AND  M STREETS  NE. 

[American  Ice  Company  controls  output.] 

Daily  output. — Plate  system  only,  200  to  240  tons. 

Water  used. — City  water  only. 

Processes,  filtration,  etc. — Plate  system:  (1)  forecooler,  and  (2)  one  large  Scaife  filter. 

Wells,  and  locations  of  same. — Driven  wells:  Four  on  premises,  from  190  to  208  feet 
deep,  but  flow  of  water  was  too  small  for  practical  uses,  so  they  were  abandoned. 

Employees,  water-closets,  etc. — There  are  40  persons  employed  to  attend  to  the  mak- 
ing and  pulling  of  ice,  but  there  are  65  altogether  on  the  premises,  for  whom  there 
are  one  water-closet,  stable;  one  water-closet,  boiler  house;  one  water-closet,  first 
floor;  one  water-closet,  second  floor,  and  one  water-closet,  third  floor — all  for  men; 
and  one  water-closet,  first  floor,  for  women. 

Horses,  stables,  etc. — Fourteen  to  15  horses  used  for  delivery  of  ice  and  ice  cream. 
Several  large  stables  (others  for  horses  in  addition  to  the  ice  factory’s  horses)  across 
Patterson  street,  which  are  kept  in  good  condition. 

CHAS.  JAVINS  & SONS  (INDEPENDENT),  930  C STREET  NW. 

Daily  output. — Can  system  only,  3 to  5 tons.  (Ice  made  for  own  use;  cold  storage.) 

Water  used. — City  water;  two  driven  wells,  one  3-inch  and  one  6-inch — both  40  feet 
deep.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  reboiler;  (5)  skimmer;  (6)  grease  and  oil  traps;  (7) 
forecooler;  (8)  two  charcoal  filters  (Frick  & Co.’s);  (9)  cooling  storage  tanks,  and  (10) 
cans  by  automatic  filler. 

Wells,  and  locations  of  same. — Driven  wells:  Two  under  engine  room,  both  40  feet 
deep,  one  3-inch  and  one  6-inch. 

Employees,  water-closets,  etc. — There  are  6 persons  employed  to  attend  to  the  mak- 
ing and  pulling  of  ice,  but  there  are  a number  of  others  connected  with  the  meat, 
shellfish,  and  vegetable  cold  storage  business,  for  all  of  whom  there  are  only  two  water- 
closets  on  second  floor  over  engine  room. 

Horses,  stables,  etc. — None  connected  with  this  place,  but  many  in  the  street  just 
outside  and  in  vacant  lots  near  by,  so  that  they  are  as  bad  as  or  worse  than  stables. 

CORBY  MANUFACTURING  COMPANY  (INDEPENDENT),  LANGDON,  D.  C 

Daily  output. — Can  system  only,  15  to  16  tons. 

Water  used. — City  water;  5 driven  wells,  60  to  85  feet  deep;  1 spring.® 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  fi’om  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  reboiler;  (5)  skimmer;  (6)  double  pipe  forecooler; 
(7)  two  charcoal  filters  (York  Manufacturing  Company,  York,  Pa.);  (8)  one  charcoal 
deodorizer  (De  La  Vergue  Company,  New  York);  (9)  cooling  storage  tank,  and  (10) 
cans  by  automatic  fillers. 

Wells,  and  locations  of  same. — Driven  wells:  One,  near  factory,  85  feet;  one,  same, 
81  feet;  two,&  farther  from  factoiy,  60  to  70  feet;  and  OTie,t>  farthest  fi’om  factory, 
64  feet.  All  except  first  near  woods.  Spring^  at  foot  of  hill — dry  when  wells  in  use. 

Employees,  vjater-closets,  etc. — There  are  6 persons  employed  to  attend  to  the  mak- 
ing and  pulling  of  ice,  but  there  are  12  to  18  on  the  immediate  premises,  for  all  of  whom 
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there  is  only  one  water-closet,  containing  six  seats  and  four  urinals,  and  so  inconven- 
iently placed  that  the  ice  men  frequently  use  the  woods  near  the  wells  and  above 
the  spring. 

Horses,  stables,  etc. — None  connected  with  this  plant. 

CHRISTIAN  HEURICH  (INDEPENDENT),  BETWEEN  WATER  AND  D STREETS,  TWENTT'-FIFTH 

AND  TWENTY-SIXTH  STREETS  NW. 

Daily  output. — Can  system,  120  tons;  plate  system,  50  tons. 

Water  used. — City  water;  Potomac  River  water  (for  condensers). 

Processes,  filtration,  etc. — Can  system:  (1)  Exhaust  steam  from  engines;  (2)  grease 
separator;  (3)  condenser;  (4)  reboiler;  (5)  skimmer;  (6)  forecooler;  (7)  two  coke  and 
four  charcoal  filters;  (8)  cooling  storage  tank,  and  (9)  cans  by  automatic  filler.  Plate 
system:  City  water  through  three  Loomis-Manning  sand  and  gravel  filters. 

Wells,  and  locations  of  same. — None. 

Employees,  water-closets,  etc. — There  are  44  persons  employed  to  attend  to  the  making 
and  pulling  of  ice,  for  whom  there  is  one  water-closet  across  the  yard.  There  are 
numerous  other  persons  on  the  premises — connected  with  the  brewery — for  whom  there 
are  two  more  closets. 

Horses,  stables,  etc. — Twenty  horses,  for  delivery  of  ice,  and  38  connected  with 
brewery.  The  stables  are  at  Twenty-sixth  and  E streets  N W. , but  the  horses  stand  in 
the  yard  and  around  the  building  all  day,  so  that  the  conditions  in  the  yard  and  sur- 
rounding streets  are  as  bad  as  in  a stable.  Superintendent  very  discourteous. 

COLUMBIA  ICE  COMPANY  (INDEPENDENT),  BETWEEN  M STREET,  NAYLOR’s  ALLEY,  AND 

OLD  CONVENTION  HALL,  NW. 

[Storage  altogether:  makes  no  ice.  Controls  Purity  Ice  Company’s  output.] 

Daily  output. — Does  not  manufacture  ice,  but  controls  Purity  Company’s  output. 

Water  used. — See  Purity  Ice  Company  above. 

Processes,  filtration,  etc. — See  Purity  Ice  Company  above. 

Wells,  and  locations  of  same. — See  Purity  Ice  Company  above. 

Employees,  water-closets,  etc. — A considerable  number. 

Horses,  stables,  etc. — Keep  number  of  horses  at  stables  on  M street,  some  distance 
from  office.  However,  many  horses  in  alley  between  market  and  storeroom;  also 
garbage  and  other  refuse  from  the  market. 

STATION  NO.  5 OF  THE  AMERICAN  ICE  COMPANY,  THIRTY-FIRST  AND  K STREETS  NW. 

(GEORGETOWN). 

Daily  output. — Does  not  manufacture  ice,  but  stores  it  during  winter  months. 

Water  used. — See  Georgetown  factories  above. 

Processes,  filtration,  etc. — See  Georgetown  factories  above. 

Wells,  and  locations  of  same. — See  Georgetown  factories  above. 

Employees,  water-closets,  etc. — A large  number. 

Horses,  stables,  etc. — Keep  large  number  of  horses  in  stables  opposite  office  and  store- 
rooms. Much  horse  manure  lying  about  yard. 

The  factories  named  had  a daily  output  each  of  5 to  200  tons,  the 
American  Ice  Company  controlling  that  of  five,  the  Columbia  Ice 
Company  that  of  one,  the  others  being  independent.  It  is  under- 
stood that  many  of  the  large  hotels,  restaurants,  and  cold-storage 
plants  have  their  own  ice  plants.  As  time  was  limited  and  it  was 
ascertained  that  the  ice  manufactured  by  them  was  for  their  ovm 
use,  no  attempt  was  made  to  find  or  inspect  them, 
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Some  difficulties  were  encountered  through  discourtesy  of  employ- 
ees and  unwillingness  of  those  in  immediate  charge  to  answer  ques- 
tions or  to  allow  examinations  of  the  plants,  so  that  this  report  is  not 
as  thorough  as  it  would  be  desirable  to  make  it.  However,  all  the 
factories  found  were  eventually  gone  through  from  the  boiler  and 
engine  rooms  on  the  lowest  floor  to  the  condensers  and  reboilers  on 
the  roof. 

Some  of  the  plants  had  the  can  system  only,  some  the  plate  sys- 
tem only,  and  others  both  systems.  Two  had  modifications  of 
the  plate  system,  known  as  the  ^ffilock  system.’’  The  majority  of 
them  use  the  city  water,  a few  use  deep  well  water,  and  one  uses 
spring  water.  In  all  cases  it  is  claimed  the  water  for  the  can  system 
is  obtained  by  condensation  of  the  exhaust  steam  from  the  engines, 
which  is  first  passed  through  a grease  separator.  After  condensation 
it  is  reboiled  to  rid  it  of  air  as  far  as  possible,  during  which  process 
it  is  also  automatically  skimmed  to  eliminate  any  remaining  grease. 
It  is  then  carried  through  cooling  pipes  to  charcoal  or  other  filters 
and  deodorized,  and  finally  to  the  storage  tanks,  from  which  it  is 
transferred  to  the  cans  when  needed  by  means  of  automatic  fillers. 

In  most  cases  the  water  for  the  plate  system  is  taken  direct  from 
the  general  water  supply,  but  in  a few  cases  it  is  said  to  be  filtered. 

In  no  cases  were  the  sanitary  conditions  as  good  as  could  be  desired, 
and  in  some  they  were  positively  bad.  In  one  place  the  can  ice  room 
had  opening  into  it  a window  from  a very  filthy  and  ill-smelling 
urinal  room,  which  at  once  attracted  attention.  On  closer  exami- 
nation it  was  found  that  this  small  wash  and  urinal  room  had  opening 
on  to  it  from  the  four  sides  (1)  the  window  from  the  can  ice-making 
room,  through  which  the  urinal  room  is  usually  ventilated,  (2)  a 
meat  and  sausage  cold-storage  room,  (3)  the  men’s  dressing  room,  and 
(4)  the  meat  and  sausage  sorting  and  distributing  room.  The  floor 
of  this  room  is  made  up  of  concrete  graded  down  to  a hole  at  one  side 
of  the  center.  Water  trickles  down  the  nearest  wall  continuously  and 
flows  through  the  hole  in  the  floor.  The  men  stand  on  this  urine- 
soaked  floor  and  urinate  thereon  or  against  the  wall.  A wash  basin 
in  the  corner,  having  running  water,  was  very  dirty  and  looked  as 
though  it  had  never  been  cleaned.  The  men’s  dressing  room,  which 
communicates  with  this  urinal  room  by  a very  large  doorway,  was 
indescribably  filthy.  Badly  soiled  and  blood-stained  clothes  littered 
the  floor,  while  small  pieces  of  meat,  blood  stains,  and  expectoration 
attracted  large  numbers  of  flies,  which  were  simply  swarming.  The 
entire  place — urinal  and  dressing  room — was  very  foul  smelling. 
While  standing  there  it  was  noticed  that  meat  and  sausages  were 
being  carried  in  open  boxes  on  low  trucks  through  the  urinal  room 
and  over  the  urine-soaked  floor  from  the  cold-storage  room  to  the 
sorting  and  distributing  room  opposite.  As  the  water  falls  on  the 
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floor  it  is  probable  that  the  resulting  spray  is  thrown  upon  the  meat 
as  it  is  carried  through.  The  accompanying  diagram  A vdll  give 
some  idea  of  the  conditions  at  this  place : 

In  another  factory  the  water  used  for  ice  making  is  taken  from 
a spring  which  opens  into  a large  unused  basement  room,  and  the 
water  for  condensing  is  obtained  from  seven  driven  wells  in  the 
narrow  yard  between  the  stable  and  the  factory.  This  yard  was  grown 
up  with  weeds.  The  board  cover  of  the  deep  well  nearest  the  stable 
was  covered  with  horse  maniu’e  and  surrounded  by  horse  mine.  The 
board  cover  of  the  well  nearest  the  open  door  of  the  very  insanitary 
basement  room  into  which  the  spring  opens  was  covered  with  newly 
deposited  human  feces,  which  was  also  noticed  in  the  weeds  nearby. 

The  floor  of  the  spring  room  is  the  lowest  place  in  the  neighbor- 
hood and  is  covered  wdth  trash,  rotting  wood,  mud,  and  the  wash- 
ings (by  rain)  from  the  surrounding  inhabited  hillsides.  The  spring 
is  covered  by  a rusty,  ill-fitting,  iron  door,  one  of  the  hinges  of  which 
was  broken.  On  my  second  visit,  just  after  a heavy  rain,  the  water 
in  this  room  was  so  deep  that  it  was  not  possible  to  reach  the  spring; 
and  it  was  noticed  that  horse  manure  and  probably  human  feces  had 
been  washed  into  the  room.  My  conductor  informed  me  that  during 
the  rain  this  water  had  flowed  over  the  edges  into  the  spring,  its 
rim  being  somewhat  above  the  level  of  the  floor. 

The  accompanying  diagram  B vdll  give  some  idea  of  the  conditions 
found : 

In  a third  place  the  use  of  a very  filthy,  undrained,  and  ill-smelling 
stable  in  the  center  of  the  factory  building  had  just  been  discon- 
tinued, and  was  being  converted  into  an  ice-storage  room.  A new, 
but  undrained,  stable  had  been  erected  near  by.  The  board  cover 
of  a dug  well  in  the  corner  of  this  stable,  the  water  from  wliich  was 
said  to  be  used  for  condensing,  was  covered  with  horse  manure  and 
surrounded  by  pools  of  horse  urine.  The  3^ard  between  the  stable 
and  the  factory  was  grown  up  ^vith  weeds,  covered  with  horse  drop- 
pings, very  muddy  and  undrained  at  the  time  of  inspection. 

In  many  cases  it  was  found  that  the  wooden  tops  over  the  cans 
were  dirty;  that  the  cans  and  tanks  are  seldom  if  ever  cleaned;  that 
the  men  walk  over  the  tops  after  visiting  the  }^ards,  stables,  urinals, 
etc.,  bringing  in  filth  or  dirt  on  theu  shoes;  that  water-closets  are 
insufficient  in  number,  inconvenient  in  place,  and  seldom  if  ever 
cleaned,  and  often  times  the  men  who  work  ^^on  ice’’  must  stand  in 
urine  to  minate;  that  there  are  manv  uncleaned  and  unused  rooms 
adjoining  ice-making  or  storage  rooms,  and  unkempt,  weed-grown 
yards  nearb}^,  in  which  men  may  urinate  or  defecate ; that  the  men 
are  uncleanlv  in  then*  habits  and  clotliing — one  was  seen  to  blow 
his  nose  through  his  fingers  onto  the  wooden  tops  over  the  cans, 
and  all  wore  old  and  badly  soiled  clothing  and  shoes;  that  the  filters 
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are  seldom  if  ever  cleaned  and  are  of  doubtful  value  from  a bacte- 
riological standpoint;  that  filthy  water-closets  and  urinal  rooms  are 
very  near,  or  opening  on  the  ice-making  rooms;  and  that  stable  and 
places  for  harnessed  horses  are  close  to  the  factories  and  wells,  the 
men  working  on  ice  having  frequently  to  walk  through  manure  or 
fresh  horse  droppings. 

It  is  suggested  that  the  cans,  wooden  covers,  tanks,  and  filters 
should  be  thoroughly  cleaned  at  certain  stated  intervals  and  often 
enough  to  insure  cleanliness;  that  no  one  be  allowed  on  or  about 
the  cans  and  tanks  except  those  necessary  to  handle  them  or 
the  ice;  that  those  employed  to  make  or  handle  ice  be  required 
to  wear  clean  suits  and  slippers  or  shoes,  kept  clean  and  worn 
only  wliile  working  ^^on  ice,’’  and  never  to  water-closets,  urinals, 
stables,  yards,  etc.;  that  dressing  rooms,  with  lavatories,  adjoin- 
ing the  ice-making  rooms,  be  furnished  for  the  men  working  on  ice; 
that  better  and  sufficient  water  closets  be  furnished,  convenient  to 
the  ice-making  rooms;  that  all  unused  rooms  be  properly  cleaned 
and  then  closed;  that  yards  and  hillsides  nearby  be  cleared  of  weeds, 
penalties  being  imposed  for  urinating  or  defecating  therein  or  thereon; 
that  all  stables,  water-closets,  urinals,  etc.,  be  so  arranged  as  to 
diminish  the  danger  of  dragging  manure  or  infection  to  the  ice;  and 
that  only  water  of  good  quality  be  used  for  making  either  can  or 
plate  ice. 

LABORATORY  EXAMINATIONS  OF  ICE  AND  THE  WATERS  FROM 

WHICH  ICE  IS  MANUFACTURED. 

The  specimens  of  ice  for  these  examinations  were  purchased  on  the 
open  market,  sometimes  Irom  the  wagon  and  sometimes  directly  from 
the  storehouse  or  factory. 

The  specimens  were  handled  mth  sterilized  tongs,  then  thoroughly 
washed  with  sterile  water,  and  finally  placed  in  sterilized  receptacles 
to  melt,  which  action  was  facilitated  by  the  aid  of  gentle  heat  not 
exceeding  40°  C.  As  soon  as  the  ice  was  melted  samples  of  the 
water,  while  still  cold,  were  taken  for  bacteriological  and  chemical 
examinations.  The  water  thus  obtained  from  the  ice  usually  con- 
tained little  particles  of  straw,  splinters  of  wood,  and  ‘^dirt,”  some 
of  which  sometimes  adhered  tenaciously  to  the  surface,  while  others 
were  found  to  be  embedded  throughout  the  substance  of  the  ice. 

It  is  interesting  to  note  that  from  the  specimens  examined  both 
the  natural  ice  and  the  manufactured  ice  contained  practically  the 
same  average  number  of  bacteria  per  cubic  centimeter;  but  the  colon 
bacillus  was  encountered  nearly  twice  as  frequently  (50  per  cent  as 
against  28.7  per  cent)  in  the  natural  specimens  as  in  manufactured  ice. 

It  is  further  very  interesting  to  note  that  the  colon  bacillus  was 
not  encountered  in  the  7 specimens  of  ‘‘can”  ice  examined,  whereas 
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it  was  found  in  30  per  cent  of  the  specimens  of  ‘Opiate’’  ice  examined. 
This  corresponds  to  the  fact  that  can  ice  is  almost  invariably  made 
from  distilled  water,  whereas  plate  ice  is  made  from  river  or  well 
water  unsterilized. 

BACTERIOLOGICAL  SUMMARY  OF  ICE  EXAMINATIONS. 


Number  of  specimens  examined: 

Natural  ice 6 

Artificial  ice 28 


Total 34 

Average  number  of  bacteria  per  cubic  centimeter: 

In  natural  ice 118 

In  artificial  ice 123 

Percentage  of  specimens  of  natural  ice  containing  B.  coli:  Percent. 

In  1 cc 16.  6 

In  10  cc 33.  3 


Total 49.9 

Percentage  of  specimens  of  artificial  ice  containing  B.  coli:  Percent. 

In  1 cc 14.  3 

In  10  cc 14. 3 


Total 28.6 

Bacteria  per 
cubic  centimeter. 

Average  of  9 plate-ice  specimens 216 

Percentage  of  plate-ice  specimens  containing  B.  coli:  Percent. 

In  1 cc 20 

In  10  cc 10 


Total 30 

Bacteria  per 
cubic  centimeter. 

Average  of  7 can-ice  specimens 18 

Percentage  of  all  can-ice  specimens  containing  B.  coli:  Percent. 

In  1 cc 0 

In  10  cc 0 


Total 0 


Note. — In  making  the  above  average  counts,  ice  specimen  No.  29,  which  gave  the 
unusual  number  of  5,000  bacteria  per  cubic  centimeter,  was  not  included;  it  was, 
however,  included  in  the  percentages  of  specimens  containing  B.  coli. 

Our  examinations  show  for  the  most  part  that  manufactured  ice 
contains  more  bacteria  than  the  water  from  which  it  has  been  frozen. 
The  contrary  of  course  should  be  the  case,  for  it  is  now  well  known 
that  the  act  of  freezing  causes  the  death  of  a large  number  of  bac- 
teria. This  discrepancy,  we  believe,  is  readily  accounted  for  by  the 
unclean  methods  used  in  the  manufacture  of  ice,  given  in  detail  in 
the  report  on  the  inspection  of  ice  factories  (p.  93).  The  added 
dirt  accounts  for  the  increased  number  of  bacteria  in  the  ice. 
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Results  of  bacteriological  and  chemical  examination  of  wells  and  springs  used  by  the  ice 

factories. 


No. 

of 

sam- 

ple. 

General  characteristics. 

Location. 

Date. 

Color. 

Odor. 

Turbid- 

ity. 

Sediment. 

Home  Ice  Co.,  Twelfth  and 
V streets  NW.; 

238 

Drinking  well 

Sept.  5 

None. 

Slight  oily 

None. 

Very  slight. 

239 

Condensing  well 

do . . . 

None. 

None 

Slight. 

Slight,  light 
brown. 

240 

Boiler  room 

. .do . . . 

None. 

Slight  oily 

None. 

Very  slight,  dark 
brown. 

241 

Under  engine  room 

do . . . 

None. 

do 

None. 

Very  slight. 

Hygienic  Ice  Co.,  Fifteenth 
and  E streets  NE.: 

251 

Under  shed 

Sept.  7 

2 

Suggestion  of  ma- 
nure. 

1 

Slight , coarse  light 
brown. 

252 

Gr.  I,  well  2 

do 

3 

Slight,  suggestion 
of  manure. 

6 

Very  slight. 

253 

Gr.  I,  well  3 

do 

(o; 

do 

55 

Slight,  light 
brown. 

254 

Gr.  II,  well  1 

3 

Suggestion  of  ma- 
nure. 

95 

Slight,  brown. 

255 

Gr.  II,  well  2 

do . - . 

4 

. .do 

2 

Slight,  feathery. 

Slight,  light 
brown. 

256 

Gr.  II,  well  3 

do  - - - 

3 

. ..do 

2 

257 

Gr.  II,  well  4 

3 

do 

1 

Do. 

258 

Spring 

do. . . 

3 

Slight,  unpleasant 

None. 

None. 

227 

Spring 

Aug.  31 
Sept.  18 

295 

Corby  Co.,  Langdon  D.  C. . 

Purity  Ice  Co., Fifth  Street 
Market  NW.: 

4 

None 

5 

Slight. 

271 

Well  1 

Sept.  12 

2 

Slight,  unpleasant 

1 

Slight,  light 
brown. 

272 

Well  2 

do  - . - 

2 

Slight  suggestion 
of  sulphur. 

None. 

Very  slight,  yel- 
lowish. 

273 

WeU3 

do . . . 

2 

do 

None. 

Light  brown. 

Auth  Provision' Co.,  Sev- 
enth street  and  Virginia 
avenue  SW.: 

265 

Well  1,  60  feet 

Sept.  11 

3 

Slight,  inky 

55 

Slight,  light 
brown. 

266 

Well  2,  39  feet 

do 

3 

Slight 

None. 

None. 

268 

Chas.  Javins  & Sons,  930  C 
street  NW. 

do. .. 

2 

do 

13 

Do. 

267 

Center  Market,  Seventh 
street  NW. 

do. .. 

4 

Slight,  inky 

600 

Considerable  iron 

oxide. 

a Yellow-brown. 
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Results  of  hacteriological  and  chemical  examination  of  wells  and  springs  used  by  the  ice 

factories — Continued . 


Total  solids. 

No.- 

of 

sam- 

ple. 

Albu- 

minoid 

ammo- 

nia. 

Dis- 

solved 

oxv- 

gen. 

Oxy- 

gen 

con- 

sumed. 

Location. 

Total 

resi- 

due. 

Min- 

eral 

mat- 

ter. 

Vola- 

tile 

mat- 

ter. 

Chlo- 

rine. 

Free 

am- 

monia. 

Ni- 

trites. 

Ni- 

trates. 

Home  lee  Co.,  Twelfth 
and  V streets  NW.: 

238 

Drinking  well 

280 

184 

96 

43.5 

0.008 

0. 020 

0.  0001 

5.00 

9. 89 

2.2 

239 

Condensing  well 

228 

162 

66 

38.0 

.328 

.016 

.0600 

.75 

6.11 

2.7 

240 

Boiler  room 

. 220 

144 

76 

27.5 

.008 

None. 

.0005 

6. 25 

10. 23 

2.7 

241 

U nder  engine  room . 

176 

126 

50 

21.5 

None. 

None. 

None. 

5.00 

9. 81 

1.2 

Hygienic  Ice  Co.,  Fif- 
teenth and  E streets 
NE.; 

251 

Under  shed 

90 

74 

16 

4.9 

.032 

.010 

.0005 

None. 

1.45 

252 

Gr.  I,  well  2 

138 

114 

24 

5.9 

.040 

.010 

.0005 

.05 

1.3 

253 

Gr..  I,  well  3 

268 

214 

54 

20.0 

.040 

.018 

.0008 

.10 

1.2 

254 

Gr.  II,  well  1 

204 

182 

22 

20.0 

.016 

.018 

.0008 

. 10 

3.2 

255 

Gr.  II,  well  2 

106 

92 

14 

4. 1 

.022 

None. 

.0005 

.10 

1. 1 

256 

Gr.  II,  well  3 

90 

84 

6 

2.8 

.014 

None. 

.0008 

.05 

9.91 

.8 

257 

Gr.  II,  well  4 

144 

110 

34 

3.3 

.002 

.010 

.0006 

.05 

9. 86 

1.3 

258 

Spring 

266 

170 

96 

32.5 

.002 

.012 

.0016 

12.00 

9.  28 

1.7 

227 

Spring 

295 

Corby  Co.,  Langdon, 
D.  C 

182 

166 

16 

5.3 

.011 

.020 

None. 

.08 

.3 

Purity  Ice  Co.,  Fifth 
Street  Market  NW.: 

271 

Well  1 

384 

226 

158 

70.0 

.012 

.006 

.0090 

.50 

.19 

1.4 

272 

Well  2 

142 

118 

24 

13.8 

None. 

None. 

None. 

None. 

2. 26 

.8 

273 

Well  3 

4.7 

.008 

.004 

Tr. 

.50 

None. 

1.5 

Auth  Provision  Co., 
Seventh  street  and 
Virginia  avenue  S W.: 

265 

Well  1,  60  feet 

228 

160 

68 

32.3 

.118 

.002 

.0017 

None. 

2.94 

.9 

266 

Well  2,  39  feet 

610 

458 

152 

144.5 

None. 

None. 

.0002 

30.00 

5. 81 

1.0 

268 

Chas.  Javins  & Sons, 
930  C street  N W 

218 

160 

58 

3.4 

.084 

None. 

.0031 

1.00 

.3 

1.3 

267 

Center  Market,  Seventh 
street  N W 

304 

226 

78 

48.0 

.246 

.016 

.0002 

None. 
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Results  of  bacteriological  and  chemical  examination  of  wells  and  springs  used  by  the  ice 

factories — Continued , 


No. 

of 

sam- 

ple. 

Location. 

Num- 
ber of 
bacte- 
ria per 
cubic 
centi- 
meter. 

Fermentation  in 
lactose  bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc. 

10  cc. 

Home  Ice  Co.,  Twelfth 

and  V streets  NW.: 

238 

Drinking  well 

60 

- 

— 

— 

- 

— 

- 

239 

Condensing  well 

162 



-1- 

-1- 

+ 

240 

Boiler  room 

9 

— 

— 

— 

241 

Under  engine  room. 

14 

- 

- 

- 

- 

- 

Hygienic  Ice  Co.,  Fif- 

teenth  and  E streets 

NE.; 

251 

Under  shed 

2 

— 

— 

- 

— 

— 

252 

Gr.  I,  weU  2 

1 

— 

— 

— 

— 

— 

— 

253 

Gr.  I,  well  3 

10 

_ 

+ 

-1- 

+ 

254 

Gr.  II,  weUl 

26 

— 

+ 

+ 

— 

— 

255 

Gr.  II,  well  2 

7 

— 

— 

— 

— 

— 

— 

256 

Gr.  II,  weU  3 

10 

— 

— 

+ 

— 

— 

— 

257 

Gr.  II.  well  4 

2 

— 

— 

— 

— 

— 

— 

258 

Spring 

2 

_ 

_ 

+ 

+ 

227 

Spring 

310 

+ 

+ 

295 

Corby  Co.,  Langdon 

NE 

440 

— 

— 

— 

— 

— 

— 

Purity  Ice  Co.,  Fifth 

Street  Market  NW.: 

271 

Well  1 

18 

— 

— 

— 

— 

272 

Well  2 

1 

— 

— 

— 

— 

— 

273 

WeU  3 

12 

— 

-b 

— 

— 

— 

— 

Auth  Provision  Co., 

Seventh  street  and 

* 

Virginia  avenue  SW.: 

265 

Well  1,  60  feet'. 

13 

- 

- 

- 

- 

- 

- 

266 

Well  2,  39  feet 

2 



— 









268 

Chas.  Javins  & Sons, 

930  C street  NW 

11 

- 

- 

— 

— 

— 

— 

267 

Center  Market,  Seventh 

street  NW 

5 

— 

-1- 

— 

-1- 

Remarks. 


Bottled  and  sold. 
For  eojidensing. 
For  ice. 

Do. 


For  condensing. 
Do. 

Do. 

Do. 

• Do. 

Do. 

Do. 

For  ice. 

Do. 

2 wells,  mixed. 


For  condensing  only. 
Do. 

Do. 


Not  used  for  making 
ice. 

Do. 


For  condensing. 
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Bacteriological  and  chemical  examination  of  ice. 


No. 

of 

sam- 

ple. 

Dealer  or  manufacturer. 

Sample  obtained 
from — 

Date. 

Kind  of  ice.o 

1 

C.  L.  Balderson 

W agon 

Aug.  1 

Mflp.nfflntnred. 

2 

American  Ice  Co 

do 

Aug.  2 

Natural. 

5 

do 

do 

Aug.  7 

Do. 

8 

do 

do 

Aug.  13 

Do. 

27 

American  Ice  Co.  (Georgetown) 

Factory 

Oct.  1 

Plate. 

3 

W.  E.  Yoxmg 

Wagon 

Aug.  3 

M fi  Ti  nfantnred . 

4 

John  T.  Smith 

do 

Aug.  6 

Na.tural. 

b 

S.  NaHy 

do 

Aug.  7 

Do. 

7 

W.  H.  Sanford 

do 

Aug.  9 

Mflnnfjiptiirpd.  ^ 

9 

M.  M.  Roper 

do 

Aug.  14 

Do. 

10 

"W.  A.  Sharswood 

do 

Aug.  15 

Do. 

11 

Purcell 

do 

Aug.  16 

Do. 

12 

W.  Greenfield 

do 

Aug.  17 

Do. 

13 

W.  M.  Weaver 

do 

Aug.  21 

Do. 

14 

A.  C.  Minns 

do 

Aug.  27 

Do. 

15 

H.  H.  Warner 

do 

Aug.  29 

Natural. 

16 

W.  L.  Bishop 

do 

Aug.  31 

Manufactured. 

i>17 

Chapin-Sacks 

Factory 

Sept.  25 

Sheet. 

6 18 

Hygienic  Ice  Co 

do 

do 

Plate. 

6 19 

do 

do 

do 

Can. 

2>20 

Purity  Ice  Co 

do 

do . . . 

Plate. 

«>21 

do 

do 

do 

Can. 

6 22 

Home  Ice  Co 

do 

do . . . 

Plate. 

6 23 

do 

do 

do . . . 

Can. 

24 

Crystal  Plate  Co 

do 

Oct.  1 

Plate. 

25 

do 

do 

do . . . 

Can. 

26 

Georgetown  Ice  Co 

do 

do . . . 

Plate. 

28 

Home  Ice  Co 

do 

Oct.  2 

Can. 

29 

do 

do 

do . . . 

Plate. 

30 

Hygienic  Ice  Co 

do 

do . . . 

Do. 

31 

do 

do 

do 

Can. 

32 

Chapin-Sacks 

do 

do . . . 

Plate. 

33 

Purity  Ice  Co 

do 

do . . . 

Can. 

34 

do 

do 

do . . . 

Plate. 

a Kind  of  ice  as  stated  by  manufacturer,  dealer,  or  driver  of  wagon. 

6 These  samples  were  contaminated  with  zinc  oxide  by  being  collected  in  sterilized  gaivanized-iron 
buckets  and  hence  no  chemical  analyses  were  made  of  them. 
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Bacteriological  and  chemical  examination  of  ice — Continued. 


]<io. 

of 

sam- 

ple. 

Dealer  or  manufacturer. 

General  characteristics. 

Color. 

Odor. 

Turbid- 

ity. 

Sediment. 

1 

C.  L.  Balderson 

Slight  yellow 

None  . . . 

None . . . 

Some  trash. 

2 

American  Ice  Co 

None 

do 

do . . . 

None. 

5 

do 

do 

do . . . 

do 

Do. 

8 

do 

do 

do . . . 

do 

Do. 

27 

American  Ice  Co. 

do 

do . . . 

do 

Verj'  slight. 

(Georgetown). 

3 

W.  E.  Young 

do 

do . - - 

do 

Yellow-brown. 

4 

John  T.  Smith 

6 

S.  Nally 

None 

None  . . . 

None  . . . 

Very  slight. 

7 

W.  H.  Sanford 

do 

do . . . 

do 

Slight. 

9 

M.  M.  Roper 

do 

do . . . 

do . . , 

Slight  trash. 

10 

W.  A.  Sharswood 

Slight 

do . . . 

Slight  . . 

None. 

11 

Purcell 

do  

do 

do 

Do. 

12 

W.  Greenfield 

None 

Oily 

None  . . . 

Considerable. 

13 

W.  M.  Weaver 

Very  slight 

None 

do . . . 

Few  fibrous  particles. 

14 

A.  C.  Minns 

do 

do 

do 

Few  fine  black  particles. 

15 

H.  H.  Warner 

Slight 

do 

Very 

Few  brown  particles. 

slight. 

16 

W.  L.  Bishop 

do 

Slight, 

Slight... 

Slight  black. 

putrid. 

17 

Chapin-Sacks 

18 

Hygienic  Ice  Co 

19 

do 

20 

Purity  Ice  Co 

21 

do 

22 

Home  Ice  Co 

j 

23 

do 

. 

24 

Crystal  Plate  Co 

None 

Oily . . 

None  . 

Slight  light-brown. 

25 

do 

do 

None . 

do . , . 

Very  slight. 

26 

Georgetown  Ice  Co 

do 

do . 

do . . . 

Considerable  light-brown. 

28 

Home  Ice  Co 

do 

do . . . 

do . , . 

Slight  fibrous. 

29 

do 

do 

do . 

do  - . . 

Considerable  fine  granular. 

30 

Hygienic  Ice  Co 

do 

do . . . 

do . . . 

Slight  fibrous. 

31 

do 

do 

do . 

do  - 

Very  slight  fibrous. 

32 

Chapin-Sacks 

do 

do . . . 

do . - . 

Do. 

33 

Purity  Ice  Co 

do 

do  - . . 

do . . . 

Slight  fibrous. 

34 

do 

do 

do  - 

do . 

Very  slight  fibrous. 
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Bacteriological  and  chemical  examination  of  ice — Continued. 


No. 

of 

sam- 

ple. 

Dealer  or  manufacturer. 

Total  solids. 

Chlorine. 

P ree  am- 
monia. 

Albumi- 
noid am- 
monia. 

Total 

residue. 

Mineral 

matter. 

Volatile 

matter. 

1 

C.  L.  Balderson 

10 

None. 

10 

1.4 

0.442 

None. 

o 

-American  Ice  Co 

None. 

None. 

None. 

None. 

.014 

None. 

5 

do 

20 

12 

8 

.4 

.018 

0. 010 

8 

do 

12 

12 

None. 

. 5 

.134 

.074 

27 

American  Ice  Co. 

(Georgetown) 

12 

1 

11 

. 5 

.104 

.046 

3 

W.  E.  Young 

5 

5 

None. 

. i 

.115 

None. 

4 

John  T.  Smith 

8 

i 

1 

_ 
. 1 

.020 

.010 

6 

S.  Nally 

21 

17 

4 

- 

.020 

.090 

7 

W.  H.  Sanford 

54 

30 

24 

4.7 

.538 

.042 

9 

M.  M.  Roper 

130 

102 

28 

.8 

.168 

.044 

10 

W.  A.  Sharswood 

32 

10 

22 

2.1 

.090 

.018 

11 

Chas.  H.  Purcell 

4 

4 

None. 

1.3 

.164 

. 054 

12 

W.  Greenfield 

226 

80 

146 

55.  5 

.302 

.044 

13 

W.  M.  Weaver 

46 

40 

6 

None. 

.014 

.090 

14 

A.  C.  Minns 

38 

•20 

18 

2.3 

.0:38 

.016 

15 

n.  H.  Warner 

68 

52 

16 

.4 

.016 

.042 

16 

W.  L.  Bishop 

116 

80 

36 

3.  5 

.030 

.024 

17 

Chapin-Sacks 

18 

Hygienic  Ice  Co 

19 

do 

20 

Purity  Ice  Co 

21 

do 

. 

22 

Home  Ice  Co 

23 

do 

24 

Crystal  Plate  Co 

21 

9 

12 

. i 

.162 

.042 

25 

do 

12 

None. 

12 

Tr. 

.080 

.018 

26 

Georgetown  Ice  Co 

12 

1 

11 

.3 

.136 

.046 

28 

Home  Ice  Co 

13 

2 

11 

1.0 

.070 

. 056 

29 

do 

■ 

21 

i 

14 

.5 

.064 

.076 

30 

Hygienic  Ice  Co 

17 

9 

8 

1.0 

.080 

.040 

31 

do 

26 

12 

14 

1.9 

.066 

.016 

32 

Chapin-Sacks 

19 

12 

. 5 

.436 

.050 

33 

Purity  Ice  Co 

8 

None. 

8 

1.0 

.118 

.010 

34 

do 

13 

5 

8 

Tr. 

.158 

.020 

TYPHOID  FEVER  IH  DISTRICT  OF  COLUMBIA 


109 


No. 

of 

sam- 

ple. 


1 

2 

5 
8 

27 

3 

4 

6 
7 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

28 

29 

30 

31 

32 

33 

34 


Bacteriological  and  chemical  examination  of  ice — Continued. 


Dealer  or  manufacturer. 

Nitrites. 

Nitrates. 

Number 
of  bac- 
teria per 
cubic  cen- 
timeter. 

Fermentation  in  lactose  1 
bouillon. 

0.1  cc. 

1 cc. 

10  cc. 

C.  L.  Balderson 

0. 0005 

0.30 

144 

+ 

American  Ice  Co 

None. 

.10 

192 

+ 

— 

do 

.0005 

.08 

(?) 

— 

— 

+ 

do 

.0003 

.50 

28 

— 

— 

+ 

American  Ice  Co. 

.0008 

.03 

650 

— 

— 

— 

(Georgetown) . 

W.  E.  Young 

None. 

Tr. 

68 

— 

— 

1 

+ j 

John  T.  Smith 

None. 

.08 

47 

— 

— 

_ 1 

S.  Nally 

.0005 

.05 

157 

— 

+ 

W.  H.  Sanford 

None. 

.10 

161 

— 

+ 

+ 

M.  M.  Roper 

.0015 

.10 

330 



- 

+ 

tv.  A.  Sharswood 

.0003 

.50 

(?) 

— 

— 

+ 

Chas.  H.  Purcell 

.0008 

.20 

(?) 

— 

— 

— 

W.  Greenfield 

.0143 

13.5 

17 

— 

— 

— 

W.  M.  Weaver 

Tr. 

Tr. 

40 

— 

+ 

— 

A.  C.  Minns 

None. 

. 05 

65 

— 

— 

-1- 

H.  H.  Warner 

.0008 

.10 

168 

— 

+ 

+ 

W.  L.  Bishop 

.0020 

.65 

72 

— 

- 

- 

Chapin-Sacks 

112 

+ 

__ 

Hygienic  Ice  Co 

3 

— 

— 

do 

50 

_ 



4- 

Purity  Ice  Co 

9 

do 

8 

Home  Ice  Co 

65 

4- 

do 



7 

Crystal  Plate  Co 

.0006 

.03 

455 

— 

— 

— 

do 

.0007 

.04 

20 

— 

— 

— 

Georgetown  Ice  Co 

.0007 

.04 

230 

- 

— 

Home  Ice  Co 

.0014 

.08 

32 

- 

- 

+ 

do 

,0005 

.08 

5,000 

+ 

+ 

+ 

Hygienic  Ice  Co 

.0025 

.04 

59 

- 

- 

— 

do 

.0010 

.08 

8 

— 

— 

— 

Chapin-Sacks 

.0071 

.05 

470 

— 

- 

+ 

Purity  Ice  Co 

.0020 

.04 

4 

- 

- 

- 

do 

■ 

.0008 

.05 

8 

— 

+ 

B.  coli 
found 
in. 


cc. 


10 

1 

10 

10 


1 

10 


1 

10 


10 

1 


1 


no 
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The  folloMmo:  chemical  analyses  bv  Doctor  LAmch  of  ice  manufac- 
tilled  in  the  District  of  Columbia  ivere  placed  at  our  disposal  by  Dr. 
William  C.  Woodward: 


Xo. 

of 

sam- 

ple. 

Dealer  or  manufacturer. 

Date. 

Kind  of  ice.a 

Color. 

Odor. 

Condi- 

tion. 

Chlo- 

rine. 

2 

American  Ice  Co 

1906. 
Aug.  27 

Can 

Colorless.. 

Odorless. . 

Clear 

4.00 

3 

do 

do  . . . 

Plate 

do 

do .... 

do 

4.00 

4 

Chapin  A Saks  Co 

do . . . 

do 

do 

do 

do. . . 

2.00 

5 

Home  Ice  Co 

do... 

Can 

do 

do 

do. . . 

4.00 

6 

C.  C.  Balderson 

Aug.  28 

Not  stated.. 

do 

do.... 

do. . . 

7.00 

7 

American  Ice  Co 

do . . . 

Natural 

do 

do 

do. . . 

2.00 

8 

Chr.  Heurich 

do. . . 

Can 

do 

do 

do . . . 

5.00 

9 

do 

do. . . 

Plate 

do 

do 

do. . . 

3.00 

10 

Nicholas  Auth  Co 

Aug.  29 

Can 

do 

do 

do. . . 

2.00 

11 

Georgeto\\m  Ice  Co 

do . . . 

Plate 

do 

do 

do . . . 

2.00 

12 

Crystal  Plate  Ice  Co 

do . . . 

Can 

do. . . . 

do .... 

do  - . . 

2.00 

13 

American  Ice  Co 

do . . . 

Plate 

do. 

do 

do  - . . 

2.00 

14 

H.  Loefller 

do . . . 

Can 

do 

do 

do . . . 

4.00 

15 

Purity  Ice  Co 

do . . . 

do 

do 

do 

....do... 

3.00 

16 

do 

do . . . 

Plate 

do 

do. : . . 

do . . . 

3.00 

No. 

of 

sam- 

ple. 

Nitrogen  as — 

Oxygen  re- 

Dealer  or  manufacturer. 

Ammonia. 

quired  to 
oxidize  or- 

- 

Free. 

.\lbu- 

minoid. 

Nitrites. 

Nitrates. 

ganic  mat- 
ter. 

2 

American  Ice  Co 

0.12 

0.04 

0.00 

Trace 

O.SS 

3 

do 

.32 

.12 

.00 

do 

1.32 

4 

Chapin  & Saks  Co 

.24 

.07 

.00 

do 

.96 

5 

Home  Ice  Co 

.16 

.07 

.00 

do 

.96 

6 

C.  C.  Balderson 

.15 

.12 

.00 

do. . . . 

.80 

7 

American  Ice  Co 

.08 

.05 

.00 

do 

.88 

8 

Chr.  Heurich 

.08 

.01 

.00 

do 

1.00 

9 

do 

.04 

.01 

.00 

do 

1.20 

10 

Nicholas  Auth  Co 

.18 

.03 

.00 

do 

.72 

11 

Georgetown  Ice  Co 

.19 

.03 

.00 

do 

.48 

12 

Crystal  Plate  Ice  Co 

.16 

.03 

.00 

do 

.32 

13 

American  Ice  Co 

.20 

.04 

.00 

do 

1.08 

14 

H.  Loeffler 

.25 

.06 

* .00 

do 

1.04 

15 

Purity  Ice  Co 

.30 

.01 

.00 

do 

.64 

16 

do 

.16 

.05 

.00 

do 

.40 

• 

a According  to  Doctor  Lynch  the  analyses  of  these  samples  of  ice  do  not  shovv  the  presence  of  any 
injurious  contamination. 


Some  interesting  conclusions  may  be  drawn  from  a comparison 
between  the  chemical  and  bacteriological  examination  of  the  ice 
samples  and  the  water  used  for  manufacturing  the  ice. 

The  ice  samples  Nos.  24,  26,  27,  29,  32,  and  34  were  frozen  by  the 
plate  system  from  tap  (river)  water.  Such  ice,  however,  contained 
conspicuously  less  total  solids,  less  chlorine,  and  less  nitrates  than 
are  found  in  tap  water.  This  may  be  explained  by  an  extrusion  of 
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these  substances  kno^vn  to  take  place  during  freezing;  the  process  of 
freezing,  like  any  process  of  crystallization,  being  one  of  purification. 

On  the  other  hand,  in  these  same  specimens  of  ice  the  free  ammonia 
is  high.  This  may  be  accounted  for  by  the  fact  that  there  is  alwaj^s 
some  leakage  of  this  gas  about  ice  factories  using  the  ammonia  proc- 
ess, and,  as  is  well  known,  ammonia  sometimes  occurs  in  manufac- 
tured ice  in  such  quantities  as  to  impart  a distinctly  alkaline  taste. 

The  albuminoid  ammonia  and  nitrites  show  but  little  if  any  change. 

It  is  further  interesting  to  note  that,  while  the  chemical  analysis  of 
the  water  used  in  the  plate  ice  system  indicates  an  improvement  in 
its  quality  as  compared  with  tap  water,  the  bacterial  examination 
shows  the  contrary. 

The  six  specimens  of  plate  ice,  for  example,  contained  the  following 
comparatively  high  bacterial  contaminations,  whereas  tap  water 
from  which  it  is  made  averaged  only  64  organisms  per  cubic  centimeter 
during  the  same  period  of  time; 


No. 

of 

sam- 

ple. 

Manufacturer. 

Organisms 
per  cubic 
centimeter. 

Colon  bacillus. 

24 

Crystal  Plate  Co 

455 

Absent. 

29 

do 

5,000 

In  1 cc. 

26 

Geo’-getown  Ice  Co 

230 

In  10  cc. 

27 

do 

AhsPTit- 

32 

Chapin-Sacks 

470 

Do. 

34 

Purity  Ice  Co 

8 

In  1 cc. 

This  discrepancy  between  the  bacteriological  and  chemical  findings 
doubtless  signifies  that  the  water  in  the  tanks  is  contaminated  by 
the  unclean  methods  already  noted  in  the  inspection  of  the  factories, 
and  that,  while  the  organisms  are  not  entirely  destroyed  at  the  low 
temperature  of  the  ice  tank,  they  can  not  effect  those  changes  in 
water  which  they  bring  about  at  ordinary  temperatures  and  which 
result  in  the  production  of  characteristic  substances  whose  presence 
can  be  recognized  and  determined  by  chemical  methods. 

Specimen  No.  29  is  a striking  example  of  this  condition.  This  ice 
contains  5,000  bacteria  per  cubic  centimeter  with  the  colon  bacillus 
present  in  at  least  each  cubic  centimeter.  On  the  other  hand,  the 
chemical  analysis  of  this  specimen  does  not  indicate  injurious  pollu- 
tion. It  would  seem  reasonable  to  conclude,  therefore,  that  the  bac- 
terial contamination  had  probably  dropped  into  the  water  from  the 
soiled  shoes  of  the  men  working  on  the  ice  or  from  other  sources  just 
before  freezing. 

The  fact  that  all  sorts  of  foreign  particles,  such  as  “trash,’’  fibrous 
and  granular  debris,  straw,  etc.,  were  found  imbedded  in  and  on  the 


112 


TYPHOID  FEVER  IN  DISTRICT  OF  COLUMBIA. 


ice  is  another  indication  of  lack  of  care  and  cleanliness  in  manufacture 
and  storage. 

In  this  connection  attention  is  also  called  to  the  spring  No.  257 
and  258  used  for  making  ice.  Evidences  of  pollution  are  found  in 
this  spring  and  its  location  is  such  as  to  render  it  liable  to  serious 
contamination.  It  therefore  should  not  be  used  for  the  manufacture 
of  ice. 


IV.-WATERS  OF  PUBLIC  WELLS  AND  SPRINGS  AND 
THEIR  RELATION  TO  TYPHOID  FEVER. 


29643—07 8 
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WATERS  OF  PUBLIC  WELLS  AND  SPRINGS  AND  THEIR 
RELATION  TO  TYPHOID  FEVER. 


The  waters  of  shallow  wells  have  been  regarded  by  many  observers 
as  a means  of  conveying  the  infection  of  typhoid  fever.  There  are 
many  shallow  wells  in  the  District  of  Columbia  used  by  the  public. 
Therefore  we  made  a particular  study  of  this  subject. 

Each  well  was  visited  and  its  condition,  as  well  as  the  surroundings, 
noted  so  far  as  they  had  any  bearing  upon  the  problem.  As  it  is  gen- 
erally recognized  that  one  of  the  chief  sources  of  infection  of  well 
water  is  from  the  surface,  the  condition  of  the  well  and  the  possibili- 
ties of  such  contamination  are  recorded  in  each  instance. 

It  is  also  possible  for  wells  to  become  polluted  from  broken  sewers 
and  from  seepage  from  near  by  privies.  Therefore  the  relation  of 
each  well  to  the  nearest  sewer  and  the  number  of  privies  in  the  neigh- 
borhood are  stated. 

Other  data  which  obviously  have  an  important  bearing  on  this  sub- 
ject, such  as  the  depth  of  water  in  the  well,  have  been  collected  and 
conveniently  arranged  for  comparison  and  study. 

In  our  epidemiological  studies  we  conducted  special  inquiries  into 
the  use  of  well  water  by  the  patient  during  the  thirt}^  days  prior  to 
onset  of  illness.  This  information  has  been  so  arranged  that  it  may  be 
seen  at  a glance  just  how  many  of  the  cases  that  occurred  during  the 
summer  in  the  District  of  Columbia  drank  the  water  of  any  particular 
well. 

Samples  of  water  from  every  well  in  the  District  were  submitted  to 
the  usual  chemical  and  bacteriological  examination.  The  results  of 
these  laboratory  studies  have  been  arranged  and  correlated  wdth  the 
other  data.  Finally,  a spot  map  (No.  8)  of  all  the  cases  occurring  in 
tne  District  was  made,  including  the  locations  of  all  the  public  wells, 
in  order  to  see  whether  there  was  any  geographic  grouping  of  the  cases 
about  any  particular  well  or  spring.  As  a result  of  these  studies,  the 
details  of  which  are  given  in  the  follomng  pages,  we  may  say  that  no 
relation  between  the  drinking  of  well  water  and  the  occurrence  of 
typhoid  fever  could  be  demonstrated.  We  are  of  the  opinion,  how- 
ever, that  the  use  of  the  water  of  the  shallow  wells  of  this  locality  for 
drinking  purposes  may  be  a menace  to  the  health  of  the  community, 
and  m this  opinion  we  are  sustained,  not  only  by  our  own  observa- 
tions, but  also  by  the  conclusions  of  all  who  have  ever  had  occasion 
to  investigate  this  subject. 
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THE  DEEP  WELLS. 

By  ^^deep”  wells  is  meant  the  so-called  drilled  or  ^‘artesian”  wells. 
Such  wells  in  the  District  are  rarely  less  than  100  feet  below  the  mean 
surface  level  and  consist  of  an  iron  pipe  or  tube  6 or  8 inches  in  diame- 
ter. There  are  23  such  deep  wells  used  by  the  public  in  the  District 
of  Columbia.  Several  others,  used  for  institutional,  manufacturing,  or 
private  purposes,  were  not  included  in  our  studies.  For  the  most  part, 
the  water  from  these  deep  wells  is  of  excellent  quality,  chemically  and 
bacteriologically.^  Some  of  them  are  practically  sterile,  and  ferment- 
ing organisms  are  not  in  evidence.  In  other  words,  these  deep  well 
waters,  from  a bacteriological  standpoint,  show  the  absence  of  surface 
contamination  or  sewage  pollution. 

The  chemical  analyses  also  go  to  show  that  these  wells  furnish  water 
of  unquestioned  purity.  In  only  three  instances  was  the  free  am- 
monia found  to  be  somewhat  higher  than  the  accepted  standards. 

SEXIMARY DEEP  WELLS. 

Number. — In  the  following  summary  the  number^’  is  the  labora- 
tory designation  of  the  well  and  corresponds  for  ready  reference  with 
the  same  number  in  the  bacteriological  and  chemical  tables. 

Location. — The  list  of  wells  in  the  District  was  furnished  us  by  the 
health  officer.  Each  well  was  visited  and  the  location  verified. 

Kind. — This  refers  to  the  kind  of  pump,  whether  wooden  or  iron. 

Condition. — This  refers  to‘  the  condition  of  the  pump.  The  base 
and  platform  in  reference  to  surface  contamination  are  specifically 
noted.  Xote  is  also  made  in  each  instance  as  to  whether  the  waste 
water  runs  off  by  surface  drainage  or  runs  to  the  sewer. 

Depth. — Under  Depth’’  the  first  figure  is  the  distance  of  the  bot- 
tom of  the  tube  to  the  mean  surface  level ; the  second  is  the  height  to 
which  the  water  stands  in  the  well,  referring  to  the  bottom  as  zero. 
This  data  was  obtained  from  the  water  department  of  the  District  of 
Columbia. 

Sewer. — Under  ^^Sewer”  the  figure  depth”  is  the  distance  of  the 
center  line  of  the  sewer  pipe  below  the  mean  surface  grade;  the  figure 
distance  from  well”  is  the  horizontal  distance  from  the  center  line 
of  the  sewer  to  the  approximate  center  of  the  well.  The  depth  of 
the  sewers  was  obtained  from  the  sewer  department  of  the  District 
of  Columbia.  The  distance  of  sewers  from  wells  are  scaled  from 
drawings,  and  are  only  roughly  approximated.  Many  of  the  wells 
seem  to  be  located  directly  on  the  line  of  the  sewers. 

Privies.- — -There  are  about  3,600  privies  registered  at  the  health 
office;  schools  equipped  with  the  Sinead  system”  being  rated  as  a 
single  privy. 
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In  the  following  summary  the  information  regarding  the  relation 
of  privies  to  the  various  wells  was  obtained  from  the  spot  map  pre- 
pared by  the  health  department  of  the  District  of  Columbia  through 
the  courtesy  of  Dr.  Wm.  C.  Woodward,  health  officer. 

Bacteriologically. — Well  waters  containing  less  than  100  bacteria 
per  cubic  centimeter  and  no  fermenting  organisms  are  classed  as 
good;  those  containing  more  than  100  bacteria  per  cubic  centimeter 
and  no  fermenting  organisms  are  classed  as  fair;  those  containing 
fermenting  organisms  but  no  colon  bacilli  are  classed  as  indicating 
surface  contamination;  and  those  containing  the  colon  bacillus  are 
classed  as  indicating  sewage  pollution.  For  bacteriological  methods 
see  page  261. 

Chemically. — Well  waters  high  in  chlorin  and  nitrates  are  regarded 
as  indicating  remote  pollution  and  those  high  in  free  and  albuminoid 
ammonia  and  nitrites  are  classified  as  polluted. 

Epidemiologically. — The  number  of  cases  of  t}^hoid  among  per- 
sons using  the  water  of  each  particular  well  refers  to  the  cases  occur- 
ring in  the  District  and  reported  between  June  1 and  November  1, 
1906. 

DEEP  WELLS — NORTHWEST  SECTION. 

No.  3. 

Location. — First  and  G streets  NW.,  Gales  School  (New  Jersey  and  Massachusetts 
avenues) . 

Kind. — Iron. 

Condition. — Fair;  old;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  141  feet;  water,  137  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  20  feet. 

Privies. — Nearest,  two  blocks. 

Bacteriologically. — Good. 

Chemically . — Unpolluted . 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

177 

May  26 
July  4 

Frequently 

? 

251 

Occasionally 

Contact. 

No.  17. 


Location. — Twelfth  and  M streets  NW.  (southwest  corner). 
Kind. — Iron. 

Condition. — Out  of  order. 

Depth. — Below  surface,  149  feet;  water,  38  feet;  deep. 
Sewer. — Depth,  10  feet;  distance  from  well,  8 feet(?). 
Bacteriologically . — Good . 

Chemically. — ^Unpolluted. 
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The  following  case  of  t^^hoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  3 Odays  preceding  onset  of  disease  used  the  weU  water — 

Probable  source  of 
infection. 

464 

July  25 

Frequently 

9 

4 

No.  18. 

Location. — Seventh  and  M streets  NAY.  (southeast  corner). 

Kind. — Iron. 

Condition. — Old;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  151  feet;  water,  54  feet. 

Sewer. — Depth,  7 feet;  distance  from  well,  15  feet. 

Privies. — One  within  one  and  one-half  blocks. 

Bacteriologically . — Good. 

Chemically. — Unpolluted. 

The  following  2 cases  of  t;\’phoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

636 

Aug.  12 
Sept.  25 

Occasionally.  ..  ... 

9 

911 

Frequently 

9 

Xo.  21. 


Location. — O street,  between  Sixth  and  Seventh  XW.  (north  side,  mid-block). 
Kind. — Iron. 

Condition. — Old;  badly  rotten,  middle  third;  pipe  drain  to  sewer. 

Depth. — Deep;  below  smlace,  201  feet;  water,  35  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  60  feet. 

Privies. — Nearest,  one  and  one-half  blocks. 

Bacteriologically. — Good. 

Chemically. — Unpolluted. 

No.  71. 

4 

Ljocation. — Pennsyh^ania  avenue  and  I street,  between  Twentieth  and  Twenty-first 
streets  NAY.  (south  side). 

Kind. — Iron. 

Condition. — Old;  rotten;  split;  pipe  drain  to  sewer. 

Depth. — Deep;  below  smlace,  203^  feet;  water,  35  feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  100  feet. 

Privies. — Nearest,  one  and  one-half  blocks. 

Bacteriologically. — Presence  of  an  occasional  colon  bacillus,  probably  indicating  con- 
tamination from  the  surface.  Pump  should  be  repaired. 

Chemically. — Unpolluted . 

The  following  2 cases  of  t^’phoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  M’ater — 

Probable  source  of 
infection. 

471 

July  30 
Aug.  4 

Occasionally 

Contact. 

697 

Frequently  

9 
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No.  105. 

Location. — Sixth  and  B streets  NW.  (northwest  corner). 

Kind. — Iron. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  140  feet;  water,  130  feet. 

Sewer. — Depth,  5 feet;  distance  from  well,  30  feet. 

Privies. — None  within  several  blocks. 

Bacteriologically . — Good . 

Chemically . — Unpolluted. 

No.  167. 

Location. — Brightwood  avenue  NW.  (east  side,  opposite  Brightwood  Hotel). 
Kind. — Iron. 

Condition. — Cracked,  middle  third;  surface  drainage. 

Depth. — Deep;  bemw  surface,  98  feet  10|  inches;  water,  — ?. 

Sewer. — Depth,  11  feet;  distance  from  well,  50  feet. 

Bacteriologically . — Good. 

Chemically. — Unpolluted . 

No.  168. 

Location. — Eighth  street,  between  Varnum  and  Upshur  streets  NW.  (east  side). 
Kind. — Iron. 

Condition. — Cracked,  bricks  loose  at  base;  pipe  drainage  to  sewer. 

Depth. — Deep;  below  surface,  195|  feet;  water,  35  feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  20  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically . — Good . 

C hemically . — U n polluted . 

Location. — Third  and  H streets  NW.  (southwest  corner). 

Condition. — Not  in  use  since  last  summer. 

Depth. — Deep;  below  surface,  166 J feet;  water,  123  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  5 feet. 

Privies. — None  in  block;  none  within  three  blocks. 

Location. — N,  between  Fourth  and  Fifth  NW.  (north  side,  mid-block). 

Kind. — Iron. 

Condition. — Broken;  not  in  use  for  a year. 

Depth. — Deep;  below  surface,  150  feet;  water,  55  feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  12  feet. 

Privies. — One  in  block. 

DEEP  WELLS — NORTHEAST  SECTION. 

No.  36. 

Location. — Third  and  H streets  NE.  (northeast  corner). 

Kind. — Iron. 

Condition. — Rotten  in  lower  third;  pipe  drain  to  sewer;  out  of  order. 

Depth. — Deep;  below  surface,  157  feet;  water,  103  feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  10  feet. 

Privies. — None  in  block;  two  within  two  blocks. 

Bacteriologically . — Good;  practically  sterile. 

Chemically . — U npoiluted . 
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No.  133. 

Location. — Eleventh,  street  NE.  (opposite  East  Capitol,  east  side). 
Kind. — Iron. 

Condition. — Old;  rotten  at  base;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  191  feet;  water,  70  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  75  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically. — Good. 

Chemically. — Unpolluted. 


The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

956 

Oct.  11 

Occasionally 

? 

No.  134. 

Location. — Twelfth  and  K streets  NE.  (northwest  corner). 

Kind. — Iron. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Deep;  below  sm’face,  188  feet;  water,  153  feet. 

Sewer. — Depth,  25  feet;  distance  from  well,  50  feet. 

Privies. — Fom’  within  two  blocks. 

Bacteriologically. — Good. 

Chemically. — Unpolluted. 

No.  136. 

Location. — Seventh  street  and  Maryland  avenue  NE. 

Kind. — Iron. 

Condition. — Old;  cracked;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  232  feet;  water,  158  feet. 

Sewer. — Depth,  16  feet;  distance  from  well,  5 feet. 

Privies. — None  within  three  blocks. 

Bacteriologically. — Good;  practically  sterile. 

Chemically. — Unpolluted. 

No.  140. 

Location. — B and  Warren  streets  NE.  (northwest  corner). 

Kind. — Iron. 

Condition. — Bricks  loose  at  base;  cracked  middle  third;  pipe  drain  to  sewer. 
Depth. — Deep;  below  surface,  125  feet;  water,  70  feet. 

Sewer. — Depth,  6 feet;  distance  from  well,  5 feet. 

Privies. — Twelve  within  radius  of  one  block.  None  in  same  block.  (?) 
Bacteriologically. — Good. 

Chemically. — Unpolluted. 

No.  141. 

Location. — Fifteenth  street  and  Maryland  avenue  NE.  (northwest ’corner). 
Kind. — Iron. 

Co'Tidition. — Fair;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  197  feet;  water,  166  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  5 feet. 


TYPHOID  FEVER  TH  DISTRICT  OF  COLUMBIA. 


121 


Privies. — Two  within  two  blocks. 

Bacteriologically. — Good. 

Chemically. — Unpolluted. 

No.  143. 

Location. — Woodward  and  Fairview  avenues  NE.  (Fairview,  D.  C.). 

Kind. — Iron. 

Condition. — Fair;  surface  drainage;  water  stands  in  stagnant  pools  about  well; 
bricks  loose  at  base. 

Depth. — Deep;  below  surface,  175  feet;  water,  45  feet. 

Sewer. — None  in  neighborhood. 

Privies. — Six  within  two  blocks. 

Bacteriologically. — Good. 

Chemically. — Unpolluted . 

DEEP  WELLS — SOUTHWEST  SECTION. 

No.  53. 

Location. — Seventh  and  H streets  SW.  (southeast  corner). 

Kind. — Iron. 

Condition. — Cracked  middle  third;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  144  feet;  water,  109  feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  5 feet. 

Bacteriologically. — Good;  practically  sterile. 

Chemically. — Unpolluted . 


The  following  two  cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

353 

383 

July  12 
June  13 

Occasionally 

? 

? 

do 

No.  107. 

Location. — Sixth  and  G streets  SW.  (southeast  corner). 
Kind. — Iron. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  145  feet;  water,  (?). 

Sewer. — Depth,  10  feet;  distance  from  well,  35  feet. 

Privies. — Three  in  block;  2 within  one  and  one-half  blocks. 
Bacteriologically. — Good. 

Chemically. — Unpolluted. 

No.  108. 


Location. — Half  and  T streets  SW.  (northeast  corner). 
Kind. — Iron. 

Condition. — Good;  pipe  drain  to  underground  drain. 
Depth. — Deep;  below  surface,  207^  feet;  water,  180|  feet. 
Sewer. — None  within  four  blocks. 

Privies. — Four  in  same  block;  3 more  within  two  blocks. 
Bacteriologically. — Good. 

Chemically . — U npolluted . 
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Xo.  110. 

Location. — Third  and  D streets  SW.  (northwest  corner). 

Kind. — Iron. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  96  feet;  water,  81  feet. 

Sewer. — Depth,  11  feet;  distance  fi’om  well,  12  feet. 

Privies. — Seven  in  block;  5 within  two  blocks. 

Bacteriologically . — Good. 

Chemically. — Unpolluted. 

Xo.  186. 

Location. — Second  street  and  Virginia  avenue  SW.  (northwest  comer). 

Kind. — Iron. 

Condition. — Fair;  pipe  drain  to  sewer;  very  dirty  surroundings,  due  to  building 
railroad  along  Virginia  avenue. 

Depth. — Deep;  below  surface,  146  feet;  water,  131  feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  20  feet. 

Privies. — One  in  block;  12  in  surrounding  blocks. 

Bactei'iologically . — Good. 

Chemically . — U npollut  ed . 

The  following  3 cases  of  t^’phoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  ttie  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

203 

June  23 

Occasionally 

O 

253 

July  1 

do 

O 

677 

Aug.  22 

Habitually 

0 

DEEP  WELLS SOUTHEAST  SECTION. 

Xo.  138. 

Location. — Eighth  and  I streets  SE.  (northeast  corner). 

Kind. — Iron. 

Condition. — Old;  rotten;  pipe  drain  to  sewer. 

Depth. — Deep;  below  surface,  97  feet;  water,  32  feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  50  feet. 

Privies. — One  in  opposite  block. 

Bacten'iologically . — Good;  practically  sterile. 

Chemically. — Unpolluted. 

The  following  3 cases  of  t\^hoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

445 

July  28 
Aug.  3 
Oct.  5 

Occasionally 

9 

468 

do 

9 

959 

Frequently 

9 

Location. — Tenth  street  and  South  Carolina  avenue  SE.  (southeast  corner;. 
Kind. — ^^Vood. 

Condition. — Out  of  order. 
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Depth. — Deep;  below  surface,  147  feet;  water,  68  feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  15  feet. 

Privies. — One  in  block;  1 other  within  thi'ee  blocks. 

Location. — Thhd  and  M streets  SE.  (northwest  corner). 

Condition. — Out  of  order. 

Depth. — Deep;  below  surface,  223  feet;  water,  188  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  6 feet. 

Privies. — Fom  in  block;  6 within  radius  of  one  block. 

Location. — Second  street  and  Xorth  Carolina  avenue  SE.  (northeast  corner). 
Condition. — Out  of  order. 

Depth. — Deep;  below  surface,  233i  feet;  water,  172  feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  20  feet. 

Privies. — One  in  opposite  block. 

Location. — Fourteenth  and  C streets  SE. 

Condition. — Out  of  order. 

Depth. — Deep;  below  surface,  149  feet;  water  83  feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  15  feet. 

Privies. — Eighteen  within  radius  of  one  block. 

Xo.  182. 

Location. — Stanton  avenue  near  T street  SE.  (Hillsdale,  D.  C.). 

Kind. — Iron. 

Condition. — Fan;  set  on  brick  base;  surface  drainage;  residents  say  water  is  “no 
good”  and  do  not  use  it. 

Depth. — Deep;  below  smlace,  130  feet;  water,  (?). 

Sewer. — Xone  in  neighborhood. 

Privies. — Xone  within  thi-ee  blocks. 

Bacteriologically . — Good;  practically  sterile. 

Chemically. — ^Unpolluted. 

Xo.  184. 

Location. — Stanton  and  Elvan  avenues  SE.  (Hillsdale,  D.  C.). 

Kind. — Special  non  pump. 

Condition. — ^V’orks  with  difficulty;  water  little  used. 

Depth. — Deep;  below  sm’face,  1854  feet;  water,  (?). 

Sewer. — Xone  in  neighborhood. 

Privies. — Two  within  thi’ee  blocks. 

Bacteriologically. — Good;  practically  sterile. 

Chemically. — Unpolluted. 

BACTERIOLOGY  OF  THE  DEEP  VTELLS  IX  THE  DISTRICT  OF  COLI7MBIA. 

In  the  following  table  are  given  the  results  of  the  bacteriological 
examinations  of  the  water  of  the  deep  wells.  The  number  in  the 
first  column  refers  to  our  laboratory  number.  The  analyses  marked 
were  made  by  ^Ir.  F.  F.  Longley,  chief  chemist  of  the  filtration 
plant. 

Mr.  Longley’s  results  were  furnished  through  the  kindness  of  the 
officers  in  charge  of  the  Washington  filtration  plant  and  are  included 
in  this  table  for  purposes  of  completeness  and  comparison. 
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No. 

Location. 

Date. 

Num- 
oer  of 
bac- 
teria 
per 
cubic 
centi- 
meters. 

Ferment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc. 

10  cc 

Northeast. 

1906. 

. 

36 

Third  and  H streets 

July  24 

1 

— 

— 

— 

— 

— 

— 

411 

do 

Oct.  10 

2 









_ 

L 

do 

July  10 

2 

_ 

133 

Eleventh  and  East  Capitol  streets  . . . . 

Aug.  15 

75 

— 

— 

— 

— 

— 

— 

446 

do 

Oct.  13 

5 











L 

do 

July  10 

2 



134 

Twelfth  and  K streets 

Aug.  15 

7 

— 



— 

— 

— 

— 

403 

do 

Oct.  9 

2 

_ 

_ 



L 

do 

July  21 

130 

136 

Seventh  street  and  Maryland  avenue. . 

Aug.  15 

2 

— 

- 

— 

— 

— 

— 

414 

do 

Oct.  10 

1 









I. 

do 

July  10 

3 

- 

140 

B and  Warren  streets 

Aug.  16 

160 

— 

— 

— 

— 

— 

445 

do 

Oct.  13 

1 











L 

do 

July  21 

47 



141 

Fifteenth  street  and  Maryland  avenue. 

Aug.  16 

4 

— 

— 

— 

— 

— 

332 

do 

Sept.  26 

2 

- 

- 

- 

— 

“ 

402 

do 

Oct.  9 

1 

_ 

_ 



L 

do 

July  21 

225 

143 

Fairview  avenue 

Aug.  16 

7 

— 

— 

— 

— 

— 

404 

do 

Oct.  9 

5 

- 









L 

do 

July  21 

26 

Southeast. 

138 

Eighth  and  I streets 

Aug.  15 

1 

— 

— 

— 

— 

443 

do 

Oct.  13 

1 

_ 

_ 

__ 

L 

do 

July  10 

4 

182 

Stanton  avenue 

Aug.  24 

0 

— 

— 

— 

— 

— 

— 

388 

do 

Oct.  8 

1 

— 

_ 

— 

— 

— 

184 

Stanton  and  Elvan  avenues 

Aug.  24 

4 

- 

_ 

- 

- 

- 

- 

Northwest. 

3 

New  Jersey  and  Massachusetts  avenues 

July  10 

3 

— 

— 

— 

— 

~ 

448 

do 

Oct.  15 

21 

L 

do 

July  18 

15 

17 

Twelfth  and  M streets .• 

July  19 

7 

— 

— 

— 

— 

— 

— 

449 

do 

Oct.  15 

4 



_ 

L 

do 

July  18 

30 

18 

Seventh  and  M streets 

July  19 

7 

— 

— 

450 

do 

Oct.  15 

3 

_ 

_ 

L 

do 

July  18 

10 

21 

0 street,  between  Sixth  and  Seventh  . . . 

July  19 

5 

— 

~ 

— 

— 

— 

451 

do 

Oct.  15 

1 

_ 

- 

_ 

_ 

L 

do 

July  18 

10 

71 

Pennsylvania  avenue  and  I street 

July  31 

17 

— 

1 

— 

— 

— 

452 

do ' 

Oct.  15 

8 

_ 

_ 

_ 

_ 

L 

do 

July  18 

40 

1 

1 

+ 

105 

Sixth  and  B streets 

Aug.  8 

31 

— 

— 

-b 

— 

431 

do 

Oct.  12 

47 

— 

— 

+ 

j 

i 

— 

— 

L 

do 

July  21 

220 

_ 

_ 

167 

Brightwood  Hotel 

Aug.  22  , 

20 

— 

— 

— 

— 

-- 

— 

439 

do 

Oct.  13 

1 





— 1 
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No. 

Location. 

Date. 

Num- 
ber of 
bac- 
teria 
per 
cubic 
centi- 
meters. 

Ferment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc. 

10  cc. 

Northwest — Continued . 

1906. 

168 

Eighth,  between  Vamuni  and  Upshur . 

Aug.  22 

18 

— 

- 

— 

— 

— 

— 

440 

do 

Oct.  13 

2 





_ 

_ 

_ 

Southwest. 

53 

Seventh  and  H streets 

July  26 

1 

— 

— 

— 

— 

— 

— 

' 430 

do 

Oct.  12 

0 











L 

. .do 

July  21 

30 

107 

Sixth  and  G streets 

Aug.  9 

15 

— 

— 

— 

— 

— 

— 

432 

do 

Oct.  2 

5 







_ 

_ 

L 

.do 

July  21 

61 

108 

Half  and  T streets 

Aug.  9 

6 

— 

— 



— 

— 

460 

. .do 

Oct.  16 

5 



_ 

_ 

_ 

L 

. do 

July  21 

79 

110 

Third  and  D streets 

Aug.  9 

0 

— 

— 

— 

— 

— 

— 

333 

do 

Sept.  26 

2 

— 

- 

— 

— 

- 

— 

433 

. .do 

Oct.  12 

1 

_ 

_ 

_ 

_ 

L 

do 

July  21 

285 

186 

Second  street  and  Virginia  avenue 

Aug.  24 

9 

— 

— 

— 

— 

— 

434 

do 

Oct.  12 

0 





_ 

_ 

_ 

L 

do 

July  21 

57 

For  details  of  chemical  analyses  of  these  well  waters,  see  section 
XII,  page  320. 

THE  SHALLOW  WELLS. 

By  shallow”  wells  is  understood  those  which  are  dug  and  lined 
with  stone  or  brick  work.  The  cylinder  is  usually  5 or  6 feet  in 
diameter  and  rarely  over  30  feet  deep.  We  have  studied  water  from 
63  such  shallow  wells  used  in  the  District  for  public  water  supply. 

Thirty-one  of  the  63  shallow  wells  gave  indications  of  sewage  pollu- 
tion upon  both  bacteriological  and  chemical  analyses.  We  unhesi- 
tatingly recommend  that  these  31  wells  be  closed  at  once.  They  are 
as  follows: 


No. 

Location. 

Northeast. 

24 

Fourth  and  E streets. 

38 

E street  between  Eighth  and  Ninth. 

135 

Eleventh  and  F streets. 

217 

Benning  cross  roads. 

218 

Benning  School. 

225 

South  Dakota  avenue  and  Vista  street. 

Northwest. 

8 

Tenth  and  N streets. 

9 

Tenth  and  K streets. 

13 

Third  and  Indiana  avenue. 

No. 

Location. 

Northwest — Continued. 

15 

Massachusetts  avenue  between  Sixth  and 
Seventh  streets. 

46 

In  front  of  1522  Wisconsin  avenue. 

48 

Twenty-eighth  and  0 streets. 

77 

Sixteenth  and  Corcoran  streets. 

111 

New  Jersey  avenue  and  Pierce  street. 

128 

Eighth  street  and  Barry  place. 

131 

New  Jersey  and  Morgan  avenues. 

169 

175 

Newton  street  east  of  Brightwood  avenue. 
Thirty-third  street  and  Wisconsin  avenue. 

202 

Zoological  Park  pump. 
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No. 

Location. 

No. 

Location. 

Southwest. 

% 

Southeast — C ont  inued . 

104 

South.  Capitol  and  M streets,  Ford’s  brick 

116 

Jeflerson  street  between  Monroe  and  Fill- 

yard. 

more  streets. 

Southeast. 

139 

L street  between  Thirteenth  and  Four- 

30 

Fourth  street  and  South  Carolina  avenue. 

teenth  streets. 

32 

Fifth  and  G streets. 

145 

Eleventh  street  and  South  Carolina  avenue. 

35 

Third  and  C streets. 

183 

Hamilton  road. 

91 

Seventeenth  and  Harrison  streets,  Ana- 

209 

Twentieth  and  Johet  streets. 

costia. 

422 

Ninth  and  E streets. 

101 

Third  street  and  Pennsylvania  avenue. 

Of  the  remaining  wells,  29  must  be  regarded  as  suspicious,  judging 
from  the  results  of  the  bacteriological  and  chemical  analyses.  For 
the  most  part  the  water  of  these  29  wells  is  fairly  good  from  a bacte- 
riological standpoint;  but  the  high  chlorin  and  nitrate  content 
clearly  indicate  remote  pollution  and  the  danger  of  recent  pollution 
must  ever  be  present.  We  recommend  that  these  wells  also  be 
closed.  If,  however,  it  is  decided  to  continue  using  the  waters  from 
these  wells,  facilities  should  be  afforded  the  health  officer  to  watch 
them  closely  by  frequent  chemical  and  bacteriological  analyses.  The 
list  is  as  follows: 


No. 

Location. 

No. 

Location. 

Northeast. 

Northwest — Continued. 

23 

Third  and  I)  streets. 

170 

Sixth  street  north  of  Fairmont  street. 

26 

Second  and  G streets. 

204 

Massachusetts  avenue  near  Wisconsin 

28 

Sixth  and  C streets. 

avenue. 

40 

Eighth  and  A streets. 

226 

Brigbtwood  avenue,  in  front  of  Jones’s 
blafiksmith  shop. 

109 

129 

North  Capitol  between  B and  C streets . 

Keating  street  between  Lincoln  avenue  and 
First  street. 

Northwest. 

235 

Hurst  and  EUiott  streets. 

Southeast. 

5 

Sixth  street  between  F and  G streets. 

34 

Fourth  street  and  Seward  square. 

6 

Ninth  and  H streets. 

92 

Seventh  and  B streets. 

11 

Seventeenth  and  K streets. 

102 

Seventh  street  between  B and  C streets. 

14 

New  York  avenue  between  Fourth  and 
Fifth  streets. 

103 

117 

Eighth  and  I)  streets  SE. 
FiUmore  and  Jackson  streets. 

44 

Wisconsin  avenue  and  Q street. 

146 

I street  between  Eleventh  and  Twelfth 

45 

In  front  of  1614  Thirty-second  street. 

streets. 

57 

Thirty-fourth  street  and  Yalta  place. 

185 

Stanton  and  Pomeroy  streets. 

58 

Thirty-fourth  street  and  Wisconsin  avenue. 

208 

Stanton  School. 

67 

72 

Thirty-fifth  and  Reservoir  streets. 
Third  and  L streets. 

385 

T Street  hill. 
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Only  3 of  the  63  shallow  wells  in  the  District  show  no  laboratory 
indication  of  injurious  pollution.  They  are  as  follows: 


No. 


Location. 


224 


Northeast. 

Old  Philadelphia,  between  Twelfth  and  Thirteenth  streets. 

Northwest. 


127  Twelfth  street  and  Florida  avenue. 
130  North  Capitol  and  Randolph  streets. 


It  will  be  noticed,  however,  that  only  a few  examinations  were 
made  of  these  3 wells  and  it  is  reasonable  to  assume  that  if  frequent 
analyses  were  conducted,  indications  of  pollution  would  sooner  or 
later  be  found  in  them.  Further,  it  will  be  seen  that  the  waters  of 
many  of  these  shallow  wells  show  considerable  variation  in  chemical 
composition,  and  in  the  number  and  character  of  bacteria.  This,  in 
itself,  is  an  index  of  danger  from  a sanitary  standpoint,  indicating 
intermittent  sources  of  sewage  or  surface  pollution. 

It  is  also  evident  from  a study  of  our  summaries  that  there  appears 
to  be  a relationship  between  the  proximiity  and  number  of  privies  to 
the  wells,  and  the  bacteriological  and  chemical  findings;  also,  that 
most  of  the  wells  vfith  broken  pumps  and  leaky  platforms,  permitting 
surface  contamination,  give  evidence  of  this  condition  in  the  labora- 
tory analyses.  From  the  fact  that  31  of  the  63  wells  show  indications 
of  sewage  pollution  and  29  of  the  others  are  suspicious,  we  feel  jus- 
tified in  recommending  the  closing  of  all  the  shallow  wells  in  the 
District  of  Colurnbia. 

It  is  evident  that  a densely  inhabited  area,  vdth  miles  of  sewers — 
some  of  them  doubtless  broken  or  leaky,  and  vith  almost  4,000 
prunes — must  produce  a more  or  less  sewage-polluted  condition  of  the 
soil  favorable  for  the  contamination  of  shallow  wells.  Shallow  wells 
and  privies,  on  general  principles,  have  been  gradually  eliminated 
from  all  large  cities  having  an  abundant  water  supply  and  sewerage 
system.  We  unhesitatingly  subscribe  to  this  view,  and  believe 
that,  upon  general  principles  alone,  the  shallow  wells  in  Washington 
should  be  condemned,  a conviction  that  is  amply  confirmed  by  our 
chemical  and  bacteriological  analyses. 
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SUMMARY — Shallow  wells. 

For  an  explanation  of  the  data  in  the  following  summaries,  see 
page  116. 

SHALLOW  WELLS NORTHWEST  SECTION. 

No.  5. 

Location. — Sixth  street,  between  F and  G streets  NW.  (east  side,  mid-block). 
Kind. — Wood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  28  feet;  water,  3 feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  20  feet. 

Privies. — Nearest,  two  blocks. 

Bacteriologically . — Good. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  wate]  — 

Probable  source  of 
infection. 

246 

July  5 
July  20 

Occasionally 

?. 

458 

do 

? 

No.  6. 


Location. — Ninth  and  H streets  NW.  (southeast  corner). 

Kind. — Wood. 

Condition. — Old;  pipe  drain  to  sewer. 

Depth. — Below  surface,  26  feet;  water,  4 feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  20  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically. — Good . 

Chemically. — Remote  pollution. 

The  following  4 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

174 

May  27 
June  27 

Occasionally 

■ ?, 

221 

Frequently 

?. 

?. 

344 

July  14 
July  27 

.do 

438 

Occasionally . . 

1, 

No.  8. 


Location. — Tenth  and  N streets  NW.  (northeast  corner). 

Kind. — Wood. 

Condition.— Rotten  at  base;  old;  cracked;  pipe  drain  to  sewer. 
Depth. — Below  surface,  37  feet;  water,  22  feet. 

Sewer. — Depth,  11  feet;  distance  from  well,  0 feet. 

Privies. — Two  in  block. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 
Chemically. — Polluted. 
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The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

231 

July  2 

Occasionally 

No.  9. 

Location. — Tenth  and  K streets  NW.  (northwest  corner). 

Kind. — ^\Vood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  10  feet;  water,  2 feet. 

Sewer. — Depth,  11  feet;  distance  from  well,  30  feet. 

Privies. — Nearest,  two  and  one-half  blocks. 

Bacteriologically.— Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  5 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

470 

July  30 

Frequently 

? 

488 

July  25 

do 

? 

665 

Aug.  25 

Occasionally 

? 

800 

Sept.  8 

do 

? 

844 

Sept.  15 

do 

Contact. 

No.  11. 


Location. — Seventeenth  and  K streets  NW.  (northeast  corner). 
Kind. — ^\\^ood. 

Condition. — Fair;  pipe  drain  to  sewer;  bricks  loose  at  base. 

Depth. — Below  surface,  24  feet;  water,  4 feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  10  feet. 

Privies. — One  in  opposite  block. 

Bactei'iologically . — Fair. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

267 

July  2 
Sept.  15 

Occasionally 

844 

....  .do 

Contact. 

No.  13. 

Location. — Third  street  and  Indiana  avenue  NW.  (northeast  corner). 
Kind. — Wood. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  7 feet  6 inches;  water,  2 feet. 

Sewer. — Depth,  14  feet;  distance  from  well,  40  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted. 
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The  following  3 cases  of  t^^hoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

364 

July  21 
Aug.  1 
Oct.  15 

F requently 

9 

546 

do 

9 

988 

do 

9 

Xo.  14. 


Location. — Xew  York  avenue,  between  Foui’th  and  Fifth  streets  XW.  (south  side, 
middle). 

Kind. — Wood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  14  feet;  water,  4 feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  10  feet. 

Privies. — Xone  in  block;  6 within  two  blocks. 

Bacteriologically . — Fair. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  t^^hoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

465 

July  24 
Aug.  1 

Frequently 

9 

484 

Occasionally 

9 

Xo.  15. 


Location. — Massachusetts  avenue,  between  Sixth  and  Seventh  streets  XW.  (in 
front  of  Xo.  619). 

Kind. — Wood. 

Condition. — -Old;  pipe  drain  to  sewer. 

Depth. — Below  smdace,  31  feet;  water,  17  feet. 

Sevjer. — Depth,  9 feet;  distance  from  well,  10  feet. 

Primes. — Xone  in  block;  3 within  radius  of  two  blocks. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

Xo.  44. 

Location. — Wisconsin  avenue  and  Q street  XW.  (southwest  corner). 

Kind. — Wood. 

Condition. — Old;  pipe  drain  to  sewer. 

Depth. — Below  surface,  29  feet  2 inches;  water,  4 feet. 

Sewer. — Depth,  ?;  distance  from  well,  0 feet. 

Privies. — Xone  in  block;  2 within  two  blocks. 

Bacteriologically . — Good. 

Chemically. — Remote  pollution. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
d sease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

607 

Aug.  11 

Occasionally 

Milk. 
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No.  45. 

Location. — In  front  of  No.  1614  Thirty-second  street  NW. 

Kind. — Wood. 

Condition. — Old;  bricks  loose  at  base;  surface  drainage  to  sewer. 
Depth. — Below  surface,  20  feet;  Avater,  3 feet. 

Sewer. — Depth,  feet;  distance  from  well,  20  feet. 

Privies. — None  in  block. 

Bacteriologically . — Fair. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

451 

July  24 
Aug,  17 

Occasionally 

9 

705 

do 

? 

No.  46. 


Location. — In  front  of  1522  Wisconsin  avenue  NW. 

Kind. — Wood. 

Condition. — Good;  pipe  drain  to  sewer. 

Depth. — Below  surface,  24  feet;  water,  4 feet. 

Sewer. — Depth,  ?;  distance  from  well,  30  feet. 

Privies. — None  in  block. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

' No.  48. 

Location. — Twenty-eighth  and  O streets  NW.  (northwest  corner). 
Kind. — Wood. 

Condition. — Good;  pipe  drain  to  sewer. 

Depth. — Below  surface,  30  feet;  water,  4 feet. 

Sewer. — Depth,  lOJ  feet;  distance  from  well,  0. 

Privies. — One  in  block. 

Bacteriologically. — Indicates  sewage  pollution. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Prohahle  source  of 
infection. 

191 

June  10 

Frequently ...  

? 

779 

Sept.  2 

do 

? 

No.  57. 

Location. — Thirty-fourth  street  and  Volta  place  NW.  (northwest  corner). 

Kind. — ^Wood. 

Condition. — Old;  cracked;  bricks  loose  at  base;  overflow  at  base  when  pumping. 
Depth. — Below  surface,  23  feet;  water,  2J  feet. 

Sewer. — Depth,  9J  feet;  distance  from  well,  15  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically. — Fair, 

Chemically. — Remote  pollution. 
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The  following  2 cases  of  tA’phoid  fever  drank  the  water  of  this  well: 


Case 

Xo. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  weU  water — 

Probable  source  of 
infection. 

390 

July  19 

Frequentlv 

Milk. 

642 

July  21 

O 

Xo.  58. 

Location. — Thirty-fourth  street  near  Wisconsin  avenue  XW.  (west  side). 

Kind. — Wood. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  22  feet;  water,  3 feet. 

Sewer. — Depth,  12h  feet;  distance  from  well,  20  feet. 

Privies. — T’^o  in  block;  four  others  within  one  and  one-half  blocks. 
Bacteriologically. — Good. 

ChernicaUy. — Remote  pollution. 

Xo.  67. 

Location. — Thirty-fifth  and  Reservoir  streets  XW.  (southwest  corner). 

Kind. — Wood. 

Condition. — Old;  verj’  rotten;  bricks  loose  at  base;  surface  drainage  to  sewer. 
Depth. — Below  surface,  25  feet;  water,  3 feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  40  feet. 

Privies. — One  in  block. 

Bacteriologically. — Good. 

Chemically. — Remote  pollution. 

The  following  3 cases  of  t^'phoid  fever  drank  the  water  of  this  well: 


Case 

Xo. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

547 

Aug.  9 

Occasionally 

MUk. 

574 

Aug.  11 

Habitually 

• Do. 

642 

July  21 

Occasionally 

O 

Xo.  72. 


Location. — Third  and  L streets  XW.  (northwest  corner). 

Kind. — Wood. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  18  feet;  water,  8 feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  20  feet. 

Privies. — One  in  block. 

Bacteriologically. — Good. 

Chemically. — Polluted. 

The  following  4 cases  of  t^^hoid  fever  drank  the  water  of  this  well: 


Case 

Xo. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

348 

July  15 

Frequently 

0 

543 

Aug.  1 

Occasionally 

0 

660 

Aug.  20 

do 

9 

689 

Aug.  23 

Frequently 

9 
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No.  77. 

Location. — Sixteenth  and  Corcoran  streets  NW.  (northwest  corner). 
Kind. — Wood. 

Condition. — F air. 

Depth. — Below  surface,  26  feet;  water,  3 feet. 

Sev:er. — Depth,  9|  feet;  distance  from  well,  15  feet. 

Privies. — None  in  block;  3 within  two  blocks. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

■ 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

194 

J Line  1 

Occasionally 

? 

No.  111. . 

Location. — New  Jersey  avenue  and  Pierce  street  NW.  (southeast  corner). 
Kind. — Wood. 

Condition. — Old;  somewhat  rotten;  bricks  loose  at  base;  pipe  drain  to  sewer. 
Depth. — Below  surface,  18  feet;  water,  4 feet. 

---Depth,  4 feet;  distance  from  well,  0. 

Privies. — Five  in  opposite  block. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

493 

Aug.  6 

Frequently 

No.  127. 


Location. — Twelfth  street  and  Florida  avenue  NW. 

Kind. — ^Wood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  sewer.  (Broken,  October  6, 
1906.) 

Depth. — Below  surface,  15  feet;  water,  2 feet. 

Sewer. — Depth,  11  feet;  distance  from  well,  20  feet. 

Privies. — Three  within  two  blocks;  none  in  same  block. 

Bacteriologically. — Good. 

Chemically . — U npolluted . 

The  following  3 cases  of  typhoid  fever  drank  the  water  of  this  well : 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

431 

July  28 
Sept.  11 
Oct.  4 

Frequently 

? 

816 

do  

? 

941 

Occfl.sionfllly 

? 
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No.  128. 

Location. — Eighth  and  Barry  place  NW.  (southwest  corner). 

Kind. — Wood. 

Condition. — Old;  rotten  upper  half;  pije  drain  to  sewer. 

Depth. — Below  surface,  12J  feet;  water,  feet. 

Sewer. — Depth,  6 feet;  distance  from  well,  10  feet. 

Primes. — One  within  one  block.  (Our  observation.) 
Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  9 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

428 

July  28 
July  20 
July  14 
July  30 
Aug.  5 
Sept.  3 
Sept.  20 
Oct.  1 

Frequently 

429 

do 

457 

Occasionally 

a 

473 

Frequently 

596 

do 

‘f 

742 

do 

? 

832 

Occasionally 

? 

894 

Frequently 

? 

930 

Oct.  13 

do 

? 

a This  is  the  most  suspicious  grouping  of  cases  among  the  persons  using  the  water  of  any  particular 
well. 


No.  130. 

Location. — North  Capitol  and  Randolph  streets  (southwest  corner). 
Kind. — Wood. 

Condition. — Good;  pipe  drain  to  sewer. 

Depth. — Below  surface,  32  feet;  water,  2 feet. 

Sewer. — Depth,  ?;  distance  from  well,  50  feet. 

Privies. — None  within  four  blocks. 

Bacteriologically. — Fair. 

Chemically. — Unpolluted. 

No.  131. 

Location. — New  Jersey  avenue,  opposite  Morgan  place  NW.  (west  side). 
Kind. — Wood. 

Condition. — Good;  pipe  drain  to  sewer. 

Depth. — Below  surface,  24  feet;  water,  3 feet. 

Sewer. — Depth,  ?;  distance  from  well,  10  feet. 

Privies. — One  within  three  blocks. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  4 C'ses  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

231 

July  2 
July  3 
July  10 
Aug.  1 

Frequently . 

? 

312 

Occasionally. ...  

? 

320 

Frequently 

? 

484 

Occasionally 

?. 
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No.  169. 

Location. — Newton  place,  east  of  Brightwood  avenue  NW.  (south  side). 

Kind. — Wood. 

Condition.— Old]  cracked;  bricks  somewhat  loose  at  base;  pipe  drain  to  sewer. 
Depth. — Below  surface,  23  feet;  water,  3 feet. 

Sewer. — Depth,  8^  feet;  distance  from  well,  10  feet. 

Privies. — Eight  in  block;  20  within  one  and  one-half  blocks. 

Bacteriologically. — Indicates  sewage  pollution. 

Chemically. — Remote  pollution. 

No.  170. 

Location. — Sixth  street,  north  of  Fairmont  street  NW.  (east  side). 

Kind. — Wood. 

Condition. — Rotten;  old;  bricks  loose  at  base;  surface  drainage. 

Depth. — Below  sm-face,  40  feet;  water,  5 feet. 

Sewer. — Depth,  10|  feet;  distance  from  well,  20  feet. 

Privies.— One  within  two  blocks. 

Bacterioiogically . — Good . 

Chemically. — Remote  pollution. 

No.  175. 

Location. — In  front  of  1685,  Wisconsin  avenue  and  Thirty-third  street  NW. 
Kind. — Wood. 

Condition. — New;  pipe  drain  to  sewer. 

Depth. — Below  surface,  22  feet;  water,  3 feet. 

Sewer. — Depth,  5 feet;  distance  from  well,  5 feet. 

Privies. — Two  in  block. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Unpolluted. 

Note. — Reservoir  on  hill. 

No.  202. 

Location. — Zoological  Park;  near  Chevy  Chase  entrance. 

Kind. — Special  iron. 

Condition. — Fair;  poor  flow  of  water. 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — None  in  neighborhood. 

Bacteriologically. — Indicates  sewage  pollution. 

Chemically. — Polluted. 

No.  204. 

Location. — Massachusetts  avenue  near  Wisconsin  avenue  NW.  (east  side). 

Kind. — Wood. 

Condition. — Good;  mounted  on  brick  base;  surface  drainage. 

Depth. — Below  surface,  28  feet;  water  (?). 

Sewer. — Depth,  (?);  distance  fr’om  well,  1,000  feet. 

Privies. — None  within  six  blocks. 

Bacteriologically . — Fair. 

Chemically. — Polluted. 
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No.  226. 

Location. — Brightwood  avenue  near  District  line,  in  front  of  Jones’s  blacksmith  shop. 
Acind.— Wood. 

Condition. —Very  bad;  surface  drainage. 

Depth. — Below  surface,  18  feet;  water,  3 feet. 

Sewer. — None  in  neighborhood. 

Privies. — None  in  neighborhood  (?). 

Bacteriologically. — Indicates  surface  pollution;  variable. 

Chemically. — Unpolluted. 


The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

495 

July  31 

Occasionally 

Contact  with  case 
out  of  District  of 
Columbia. 

No.  235. 


Location. — Hurst  and  Elliott  places  NW.  (northeast  corner). 

Kind. — “ Common  sense;”  new,  1901. 

Condition. — Good. 

Depth. — Below  surface,  21  \ feet;  water,  4|  feet. 

Sewer. — None  in  neighborhood;  canal  about  100  feet  distant. 

Privies. — Two  within  two  blocks. 

Bacteriologically. — Indicates  surface  contamination. 

Chemically . — Polluted . 

Location. — Tenleytown  road,  Tenleytown,  D.  C. 

Kind. — Wood. 

Condition. — Broken;  not  in  use  this  summer. 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — There  are  about  45  north  and  northeast  of  the  well,  the  nearest  being 
about  three  blocks  away;  1 in  same  block. 

Location. — Fort  Slocum  School,  Lamont’s,  Blair  road,  Takoma,  D.  C. 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — Nearest,  three  blocks. 

SHALLOW  WELLS — NORTHEAST  SECTION. 

No.  23. 

Location. — Third  and  D streets  NE.  (northwest  corner). 

Kind. — Wood . 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  24  feet;  water,  3 feet. 

Sewer. — Depth,  12 J feet;  distance  from  well,  0 feet. 

Privies. — None  in  block;  5 within  two  blocks. 

Bacteriologically . — Fair. 

Chemically. — Remote  pollution. 
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The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

709 

Aug.  26 

Occasionally 

?. 

No.  24. 


Location. — Fourth  and  E streets  NE.  (northwest  corner). 

Kind. — Wood. 

Condition. — Rotten  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  26  feet;  water,  4 feet. 

Sewer. — Depth,  9|  feet;  distance  from  well,  10  feet. 

Privies. — One  in  block  diagonally  opposite. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted . 

No.  26. 

Location. — Second  and  G streets  NE.  (northeast  corner). 

Kind.— Wood. 

Condition. — Old;  pipe  drain  to  sewer. 

Depth. — Below  surface,  29  feet;  water,  feet. 

Sewer. — Depth,  9 feet;  distance  from  well,  20  feet. 

Privies. — None  in  block;  2 within  two  blocks. 

Bacteriologically. — Fair. 

Chemically. — Remote  pollution. 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

314 

July  10 
July  15 

Frequently 

9 

337 

.*.do 

? 

No.  28. 

Location. — Sixth  and  C streets  NE.  (northwest  corner). 

Kind. — Wood. 

Condition. — Old,  cracked,  rotten  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  34  feet;  water,  5 feet. 

Sewer. — Depth,  9J  feet;  distance  from  well,  50  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically. — Fair. 

Chemically. — Remote  pollution. 

No.  38. 

Location. — E street  between  Eighth  and  Ninth  streets  NE.  (north  side). 
Kind. — ^Wood. 

Condition. — Cracked,  rotten  at  base;  surface  drainage  to  sewer. 

Depth. — Below  surface,  18  feet;  water,  4 feet. 

Sewer. — Depth,  9^  feet;  distance  from  well,  10  feet. 

Privies. — None  in  block;  2 within  two  and  one-half  blocks. 
Bacteriologically. — Indicates  surface  contamination;  variable. 

Chemically. — Polluted. 
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No.  40. 

Location. — Eighth  and  A streets  NE.  (southwest  corner). 

Kind. — “Wood. 

Condition. — Old,  rotten  lower  third;  pipe  drain  to  sewer. 

Depth. — Below  surface,  22  feet;  water,  6 feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  10  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically. — Fair. 

Chemically. — Polluted. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection 

759 

Sept.  1 

Habitually 

9 

No.  109. 


Location. — North  Capitol,  between  B and  C streets  NE. 

Kind. — Wood. 

Condition. — Good;  pipe  drain  to  sewer. 

Depth. — Below  surface,  27J  feet;  water,  3 feet. 

Sewer. — Depth,  ?;  distance  from  well,  50  feet. 

Privies. — One  in  same  block;  1 school  with  Smead  system  within  two  blocks. 
Bacteriologically . — Fair. 

Chemically. — Remote  pollution. 

No.  129. 

Location. — Keating  place,  between  Lincoln  avenue  and  First  street  NE.  (north  side). 
Kind. — ^Wood. 

Condition. — Old;  rotten;  mounted  on  brick  base,  some  of  the  bricks  being  loose; 
surface  drainage  to  sewer. 

Depth. — No  data. 

Sewer. — Depth  9^  feet;  distance  from  well,  20  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically. — Good. 

Chemically. — Remote  pollution. 

No.  135. 

Location. — Eleventh  and  F streets  NE.  (northwest  comer). 

Kind. — ^IVood. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  20  feet;  water,  8 feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  50  feet.  ^ 

Privies. — One  in  opposite  blocb. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

801 

Sept.  13 

Habitually 
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No.  217. 

Location. — Benning  Crossroads,  in  front  of  Hotel  Benning. 

Kind. — ^Wood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  horse  trough.  (October  12, 
1906,  pump  in  bad  condition). 

Depth. — Below  surface,  21  feet;  water,  3 feet. 

Sewer. — None  in  neighborhood. 

Privies. — One  in  block;  1 other  within  two  blocks. 

Bacteriologically . — Indicates  sewage  pollution. 

Chemically . — Polluted . 

No.  218. 

Location. — Benning  School. 

Kind. — S optical  iron. 

Condition. — Mounted  on  wooden  base  in  pump  house;  drainage  to  surface  by 
trough;  good.  (October  12,  1906,  reported  not  used;  water  has  bad  odor.) 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — One  in  block;  2 within  two  blocks. 

Bacteriologically. — Indicates  sewage  pollution. 

Chemically. — Polluted . 

No.  224. 

Location. — Quincy  (Philadelphia)  street,  between  Thirteenth  and  Fourteenth 
streets  NE.,  Brookland,  D.  C. 

Kind. — ^Wood. 

Condition. — Fair;  bricks  loose  at  base;  surface  drainage. 

Depth. — Below  surface,  17  feet;  water,  5^  feet. 

Sewer. — None  in  neighborhood. 

Privies. — None  within  four  blocks. (?) 

Bacteriologically. — Fair. 

Chemically . — U npolluted . 

No.  225. 

Location. — South  Dakota  avenue  and  Vista  street  NE.,  Woodridge,  D.  C. 

Kind. — ^Wood. 

Condition. — Pump  proper  in  fair  condition;  mounted  on  wooden  base,  between 
which  and  ground  level  some  of  the  bricks  of  the  well  are  missing,  leaving  a hole  directly 
into  the  well;  surface  drainage. 

Depth. — Below  surface,  20  feet;  water,  15  feet. 

Sewer. — None  in  neighborhood. 

Privies. — None  shown  within  several  blocks. 

Bacteriologically. — Indicates  sewage  pollution. 

Chemically . — Polluted . 

SHALLOW  WELLS — SOUTHWEST  SECTION. 

No.  104. 

jmocation. — South  Capitol  and  M streets  (southwest  corner)  in  Ford’s  brickyard. 
Pump  is  private  property,  but  is  used  by  public. 

Kind. — Wood. 

Condition. — Good;  mounted  on  wooden  base;  leaking  back  into  well  apparently 
very  easy;  surface  drainage  by  means  of  wooden  trough. 

Depth. — No  data. 
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Sewer. — Depth,  11  feet;  distance  from  well,  25  feet  (?). 

Privies. — Eight  in  block;  20  within  one  and  one-half  blocks. 
Bacteriologically . — Indicates  sewage  pollution. 

Chemically. — Polluted. 

The  following  four  cases  of  typhoid  fever  drank  the  water  of  this  well; 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

171 

226 

May  18 
June  21 

Habitually 

Occasionally 

?. 

0 

446 

Aug.  2 
Sept.  12 

Frequently 

? 

754 

Occasionally 

? 

SHALLOW  WELLS — SOUTHEAST  SECTION. 

No.  30. 

Location. — Fourth  street  and  South  Carolina  avenue  SE.  (southwest  corner). 
Kind. — 

Condition. — Old;  cracked;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  21  feet;  water,  3 feet. 

Sewer. — Depth,  10 J feet;  distance  from  well,  50  feet. 

Privies. — Two  in  block. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted. 

No.  32. 

Location. — Fifth  and  G streets  SE.  (northeast  corner). 

Kind. — Wood. 

Condition. — Rotten  at  base;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  14  feet;  water,  2 feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  10  feet. 

Privies. — None  in  block;  3 within  one  block  radius. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically. — Remote  pollution. 

The  following  4 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

169 

July  6 
July  14 
Aug.  1 
Aug.  25 

Frequently  . ; 

? 

290 

Occasionally....  ..  

? 

450 

do  - . 

? 

723 

do 

9 

No.  34. 


Location. — Fourth  street  and  North  Carolina  avenue,  Seward  square,  SE.  (southeast 
corner) . 

Kind. — Wood. 

Condition. — Fair. 

Depth. — Below  surface,  20  feet;  water,  3 feet. 

Neiyer.— Depth,  6 feet;  distance  from  well,  10  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically. — Good. 

Chemically. — Remote  pollution. 
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No.  35. 

Location. — Third  and  C streets  SE.  (southwest  corner). 

Kind. — Wood. 

Condition. — Fair,  but  poor  stream;  sediment  in  first  water  drawn;  pipe  drain  to 
sewer. 

Depth. — Below  surface,  26  feet  8 inches;  water,  3 feet  3 inches. 

Sewer. — Depth,  12  feet;  distance  from  well,  10  feet. 

Privies. — None  within  two  blocks.  , 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted. 

No.  91. 

Location. — Harrison  street,  between  Seventeenth  and  Eighteenth  SE.  (south  side). 
Kind. — ^Wood. 

Condition. — Fair;  bricks  loose  at  base;  surface  drainage  to  sewer. 

Depth. — Below  surface,  12  feet;  water,  6 feet. 

Sewer. — Depth,  11  feet;  distance  from  well,  20  feet. 

Privies. — None  in  block;  2 within  one  and  one-half  blocks. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically . — Polluted . 

The  following  2 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

1 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

837 

Sept.  10 
Sept.  9 

Frequently 

? 

874 

do 

No.  92. 


Location. — Seventh  and  B streets  SE.  (northwest  corner). 

Kind. — ^Wood. 

Condition. — Old;  bricks  loose  at  base;  pipe  drain  to  sewer. 

Depth. — Below  surface,  33  feet;  water,  3 feet. 

Sewer. — Depth,  12  feet;  distance  from  well,  15  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically. — Good. 

Chemically. — Remote  pollution. 

No.  101. 

Location. — Third  street  and  Pennsylvania  avenue  SE.  (southwest  corner). 
Kind. — ^AVood. 

Condition. — Fair;  pipe  drain  to  sewer. 

Depth. — Below  surface,  28  feet;  water,  4 feet. 

Sewer. — Depth,  18  feet;  distance  from  well,  40  feet. 

Privies. — None  in  block;  1 in  opposite  block. 

Bacteriologically. — Indicates  surface  contamination. 

Chemically . — Polluted . 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well : 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

638 

Aug.  13 

Occasionally 

? 
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No.  102. 

Location. — In  front  of  220  Seventh  street,  between  B and  C,  SE. 

Kind. — ^Wood. 

Condition. — Relatively  new;  bricks  loose  at  base;  pipe  drain  to  sewer. 
Depth. — Below  surface,  27  feet;  water,  4 feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  50  feet. 

Privies. — None  within  three  blocks. 

Bacteriologically . — Qood. 

Chemically. — Remote  pollution. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

436 

July  21 

Frequently...  ... 

•? 

No.  103. 


Location. — Eighth  and  D streets  SE.  (northwest  corner). 

Kind. — ^Wood. 

Condition. — Old;  rotten  at  base;  bricks  loose  at  base;  pipe  drain  to  sewer. 
Depth. — Below  surface,  28  feet;  water,  3 feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  10  feet. 

Privies. — None  in  block;  1 within  two  blocks. 

Bacteriologically. — Fair. 

Chemically. — Remote  pollution. 

No.  116. 

Location. — ^Jefferson  street  between  Monroe  and  Fillmore  SE.  (north  side). 
Kind. — Wood. 

Condition. — Old;  rotten;  bricks  loose  at  base;  surface  drainage  to  sewer. 
Depth. — Below  surface,  17^-  feet;  water,  4\  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  0 foot. 

Privies. — One  in  opposite  block. 

Bacteriologically. — Good. 

Chemica  I ly . — Polluted . 

No.  117. 

Location. — Fillmore  and  Jackson  streets  SE.  (southwest  corner). 

Kind. — ^Wood. 

Condition.— Good]  pipe  drain  to  sewer. 

Depth.- — -No  data. 

Sewer. — -Depth,  IO2  feet;  distance  from  well,  20  feet. 

Privies. — One  in  block;  2 within  one  and  one-half  blocks. 

Bacteriologically . — Good. 

Chemically. — Remotely  polluted. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water — 

Probable  source  of 
infection. 

480 

July  17 

Occa  sionally. . 

9 
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No.  139. 

Location. — L street  between  Thirteenth  and  Fourteenth  streets  SE.  (south  side). 
Kind. — ^Wood. 

Condition. — Fair;  bricks  loose  at  base;  water  obtained  only  after  long  pumi)ing  and 
very  little  used;  surface  drainage. 

Depth. — Below  surface,  25  feet;  water,  4 feet. 

Sewer. — Depth,  12  feet;  distance  from  well^  40  feet. 

Privies. — Seven  in  block;  11  within  one  and  one-half  blocks. 

Bacteriologically. — Indicates  sewage  pollution;  variable. 

Chemically.  — Polluted . 

No.  145. 

Location. — Eleventh  street  and  South  Carolina  avenue  SE.  (southwest  corner). 

Kind. — ^V^^ood. 

Condition. — Old;  slightly  rotten  at  base;  poor  stream  of  water;  pipe  drain  to  sewer. 
Depth. — ^Below  surface,  28  feet;  water,  4 feet. 

Sewer. — Depth,  8 feet;  distance  from  well,  60  feet. 

Privies. — One  in  opposite  block. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
infection. 

774 

Sent.  5 

Frequently 

? 

No.  146. 

Location. — I street,  between  Eleventh  and  Twelfth  streets  SE.  (south  side). 
Kind. — ^Wood. 

Condition.— 0\d]  pipe  drain  to  sewer. 

Depth. — Below  surface,  26  feet;  water,  15  feet. 

Sewer. — Depth,  10  feet;  distance  from  well,  30  feet. 

Privies. — One  in  opposite  block. 

Bacteriologically . — Fair. 

Chemically. — Bemote  pollution. 

The  following  4 cases  of  typhoid  fever  drank  the  water  of  this  well: 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well 

water — 

Probable  source  of 
infection. 

180 

June  5 

Frequently 

9 

315 

July  15 
July  25 
July  28 

Occasionally 

? 

397 

do « 

? 

445 

do 

? 

No.  183. 

Location. — Hamilton  road,  opposite  Jewish  Cemetary,  Hillsdale,  D.  C. 

Kind. — Wood. 

Condition. — Good;  set  on  brick  base;  surface  drainage,  not  connected  with  sewage 
system. 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 
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Privies. — None  within  over  three  blocks. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted . 

No.  185. 

Location. — Stanton  avenue  and  Pomeroy  street,  Hillsdale,  D.  C. 

Kind. — Wood. 

Condition. — Fair;  bricks  loose  at  base;  surface  drainage;  water  does  not  drain  away 
freely. 

Depth. — Below  surface,  18  feet;  water,  6 feet. 

Sewer. — None  in  neighborhood. 

Privies. — Three  within  three  blocks. 

Bacteriologically . — Good. 

Chemically. — Polluted . 

No.  208. 

Location. — Stanton  School,  Good  Hope,  H.  C. 

Kind. — Iron,  special. 

Condition. — Mounted  on  wooden  base  the  boards  of  which  do  not  fit  closely;  drain- 
age to  surface  by  wooden  trough. 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — None  for  several  blocks. 

Bacteriologically . — Fair. 

Chemica  lly . — Polluted . 

No.  209. 

Location. — Twentieth  and  Joliet  streets  SE.  (Garfield  Heights,  D.  C.). 

Kind. — Wood. 

Condition. — New;  set  on  brick  base;  surface  drainage;  not  connected  with  sewage 
system. 

Depth.- — No  data. 

Sewer. — None  in  neighborhood. 

Privies — None  for  over  five  blocks. 

Bacteriologically . — Indicates  sewage  pollution;  variable. 

Chemically. — Polluted. 

No.  385. 

Location. — T Street  hill,  Hillsdale,  D.  C. 

Kind. — Iron. 

Condition. — Out  of  order;  handle  gone;  bricks  loose  at  base;  surface  drainage;  does 
not  connect  with  sewage  system.  (October  8,  1906,  new  wood  pump,  iron  casing  10 
inches  above  ground;  slope  from  well.) 

Depth. — No  data. 

Sewer. — None  in  neighborhood. 

Privies. — Three  within  two  blocks. 

Bacteriologically. — Fair. 

Chemically. — Polluted. 

No.  422. 

Location. — Ninth  and  E streets  SE.  (southeast  corner). 

Kind. — Wood. 

Condition. — Old,  out  of  order;  pipe  drain  to  sewer.  (Pump  O.  K.,  October  11, 
1906.) 

Depth. — Below  surface,  25  feet;  water,  6 feet, 
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Sewer. — Depth,  18  feet;  distance  from  well,  10  feet. 

Privies. — None  within  two  blocks. 

Bacteriologically . — Indicates  sewage  pollution. 

Chemically. — Polluted. 

Location. — Thirteenth  street  between  D and  E streets  SE.  (west  side). 
Condition. — Out  of  order. 

Depth. — Below  surface,  30  feet;  water,  4 feet. 

Sewer. — Depth,  11  feet;  distance  from  well,  100  feet. 

Privies.— Tan  in  opposite  block;  3 others  within  two  blocks. 

The  following  case  of  typhoid  fever  drank  the  water  of  this  well. 


Case 

No. 

Onset  of 
disease. 

During  the  30  days  preceding  onset  of  disease  used  the  well  water— 

Probable  source  of 
, infection 

207 

June  20 

Frequently  

? 

Location. — 0 street,  between  Half  and  First  streets  SE.  (north  side). 

Kind. — Wood. 

Condition. — Broken;  not  in  use  since  last  summer. 

Depth. — Below  surface,  20  feet;  water,  4 feet. 

Privies. — Eight  in  block;  15  within  one  and  one-half  blocks. 

Sewer. — Depth,  11  feet;  distance  from  well,  0 feet. 

Location. — Elvan  avenue,  west  of  Stanton  avenue. 

ICind. — Iron. 

Condition.- — Out  of  order;  residents  say  water  not  fit  to  drink  when  obtainable. 
Depth. — No  data. 

Sewer. — None  in  neighborhood. 


Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Ferment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc. 

10  cc. 

Northwest. 

1906. 

5 

Sixth,  between  F and  G streets 

July 

16 

60 

— 

— 

— 

— 

— 

— 

378" 

do 

Oct. 

5 

7 

_ 

_ 

_ 



L 

do 

July 

7 

7 

6 

Ninth  and  H streets 

July 

16 

80 

— 

__ 

— 

— 

— 

— 

377 

do 

Oct. 

5 

42 

L 

do 

July 

7 

8 

8 

Tenth  and  N streets 

July 

17 

500 

4- 

-1- 

+ 

-h 

-t- 

+ 

358 

do 

Oct. 

3 

590 

_ 

L 

do 

July 

7 

215 

+ 

9 

Tenth  and  K streets 

July 

17 

350 

+ 

+ 

+ 

+ 

359 

....  .do 

Oct. 

3 

139 

-i- 

L 

do 

July 

5 

75 

11 

Seventeenth  and  K streets 

July 

17 

127 

— 

— 

__ 

— 

— 

— 

372 

do 

Oct. 

5 

18 







L 

do 

June 

26 

50 

13 

Third  street  and  Indiana  avenue 

July 

18 

44 

— 

— 

— 

— 

— 

— 

376 

do 

Oct. 

5 

43 

_ 

+ 

+ 

L 

do 

July 

7 

20 

— 

— 

— 

— 

29643—07 10 
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Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria  per 
cubic 
centi- 
meter. 

Ferment  in  lac- 
bouillon. 

B.  coil  present. 

0.1  cc.j 

1 cc. 

10  cc. 

0.1  cc.' 

1 

1 

1 cc. 

10  cc. 

Northwest — Continued. 

1 

1 

i 

14 

New  York  avenue,  between  Fourth  and 

1906. 

1 

Fifth  streets 

July  18 

52 

— 

— 

“ 

“ 

360 

do  

Oct.  3 

174 

— 

— 

— 

— 

L 

do 

July  7 

43 





15 

Massachusetts  avenue,  between  Sixth 

and  Seventh  streets 

July  18 

87 

— 

“ 

— 

— 

— 

329 

do 

Sept.  26 

400 

— 

-t 

+ 

— 

— 

375 

do 

Oct.  5 

182 

+ 

+ 

+ 

L 

do 

July  7 

61 



- 

+ 

44 

Wisconsin  avenue  and  Q street 

July  25 

92 

— 

- 

- 

- 

- 

. - 

369 

..do.  

Oct.  4 

17 

— 

— 

— 

— 

L 

do 

June  26 

5 

. 





45 

Facing  1614  Thirty-second  street 

July  25 

380 

- 

- 

- 

- 

_ 

- 

311 

do.  

Sept.  20 

36 

— 

— 

— 

— 

— 

334 

do 

Sept.  26 

10 

— 

- 

- 

- 

- 

— 

370 

do 

Oct.  4 

12 

- 

- 

— 

— 

— 

L 

do 

J uly  5 

2 

— 

— 

— 

46 

Facing  1522  Wisconsin  avenue 

July  25 

110 

-1- 

-f- 

+ 

365 

do 

Oct.  4 

111 

- 

— 

— 

— 

— 

L 

do 

July  5 

140 

■p 

+ 

+ 

(July  5 

140 

+ 

+ 

-P 

Aug.  4 

1,400 

- 

— 

— 

Aug.  6 

260 

— 

— 

— 

46 

Aug.  16 

31 



— 

— 

OA  I/O  T y Xk30V/AA0AXA  Cv  V JlJ.  CAO  ....... 

Aug.  17 

60 

- 

+ 

-1- 

Aug.  18 

30 

— 

— 

— 

Aug.  20 

27 

— 

— 

— 

48 

Twenty-eighth  and  0 streets 

July  25 

1,000 

+ 

-t- 

-H 

+ 

+ 

P 

364 

d n 

Oct.  4 

220 

— 

-h 

-t- 

L 

do 

July  5 

85 

— 

-1- 

— 

57 

Thirty-fourth  street  and  Volta  place  . . 

July  27 

194 

— 

- 

- 

- 

— 

58 

Thirty-fourth  street  and  Wisconsin 

avenue 

July  27 

3 

— 

— 

— 

— 

— 

367 

do  

Oct.  4 

2 



— 

— 

— 

— 

L 

do  

J uly  18 

16 







67 

Thirty-fifth  and  Reservoir  streets 

July  31 

1 

— 

— 

- 

- 

- 

- 

366 

do  

Oct.  4 

22 



— 

— 

— 

— 

L 

do  

June  26 

16 







72 

Third  and  L streets 

Aug.  1 

15 

— 

— 

- 

- 

- 

- 

361 

do  

Oct.  3 

2 



— 

— 

— 

— 

L 

do  

July  7 

9 





! 

77 

Sixteenth  and  Corcoran  streets 

Aug.  2 

37 

— 

— 

- 

- 

- 

! ~ 

314 

do 

Sept.  21 

50 

- 

- 

— 

- 

— 

— 

373 

do  

Oct.  5 

12 

— 

— 

— 

— 

L 

do  

J uly  7 

7 





p 

111 

New  Jersey  avenue  and  Pierce  street . . 

Aug.  9 

8 

— 

- 

- 

- 

- 

- 

331 

do  

Sept.  26 

43 



-1- 

+ 

362 

Oct.  3 

630 

+ 

-1- 

L 

drv  ..  . _ 

J uly  7 

119 



— 

-p 

19H 

PViOTTTr  Phosp  .QnrioP’ 

Aug.  13 

370 

i 

+ 

+ 

+ 

159 

do  

Aug.  21 

240 



— 

+ 

p 

L 
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Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Ferment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

Icc. 

10  cc. 

0.1  cc. 

Icc. 

10  cc. 

j^orthwest — Continued. 

1906. 

121 

Chevy  Chase  well 

Aug.  13 

2 

- 

- 

- 

— 

- 

- 

158 

do 

Aug.  21 

60 

— 

— 

- 

— 

— 

— 

127 

Twelfth  street  and  Florida  avenue 

Aug.  14 

1 

— 

— 









L 

do 

July  7 

8 

128 

Eighth  street  and  Barry  place 

Aug.  14 

(?) 

— 

_ 









171 

do 

Aug.  22 

(?) 

4_ 

4_ 

383 

do 

Oct.  6 

132 









L 

do 

July  7 

128 

4- 

do  ... 

128 

Aug.  4 

95 

Aug.  6 

38 

Aug.  7 

25 

Aug.  8 

34 

Aug.  9 

31 

4- 

+ 

Aug.  10 

21 

128 

do 

Aug.  11 

22 

Aug.  13 

90 

+ 

Aug.  14 

35 

Aug.  15 

55 

+ 

Aug.  16 

2 

4- 

Aug.  17 

28 

Aug.  18 

34 

Aug.  20 

29 

130 

North  Capitol  and  Randolph  streets... 

Aug.  14 

23 

— 











381 

do 

Oct.  6 

128 

— 

— 

— 

— 

— 

— 

L 

do 

July  7 

38 

131 

New  Jersey  and  Morgan  avenues 

Aug.  14 

6 













330 

do 

Sept.  26 

13 

— 

— 

— 

— 

— 

— 

363 

do 

Oct.  3 

7 

L 

do 

July  7 

17 

4_ 

169 

Newton  street,  east  of  Brightwood 

Aug.  22 

200 

+ 

4- 

427 

do 

Oct.  11 

98 

+ 

+ 

.4- 

L 

do 

July  7 

3 

4- 

170 

Sixth  street,  north  of  Fairmont 

Aug.  22 

20 









382 

do 

Oct.  6 

26 

_ 

— 

— 

— 

— 

L 

do 

July  7 

12 

175 

Thirty-third  street  and  Wisconsin 

avenue 

Aug.  23 

450 

-j- 

+ 

4- 

368 

do 

Oct.  4 

102 

L 

do 

J uly  18 

107 

201 

Zoo,  near  office 

Aug.  28 

(a  ?) 

4- 

-1- 

-j- 

202 

Zoo,  pump 

do 

200 

4- 

4_ 

203 

Zoo,  near  refreshment  stand 

do. . . 

a 120 

+ 

+ 

+ 

204 

Massachusetts  avenue,  near  Wisconsin 

avenue 

do. . . 

21 





454 

do 

Oct.  15 

224 

j 



L 

do 

July  18 

55 

226 

Brightwood  avenue,  facing  Jones’s 

blacksmith  shop 

Aug.  31 

820 

- 

+ 

+ 

— 

— 

— 

441 

Oct.  13 

246 

+ 

+ 

+ 

-o  In  1 cc  ?. 
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Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

F erment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc.  10  cc. 

Northwest — Continued. 

1906. 

235 

Hurst  and  ElUott  streets 

Sept.  4 

123 

— 

-i- 

-T 

— 

— — 

455 

do 

Oct.  15 

56 

L 

do 

Aug.  3 

675 

Southwest. 

104 

South  Capitol  and  M streets,  Ford 

brickyard  

Aug.  8.. 

1,800 

+ 

-f- 

+ 

s~ 

Northeast. 

23 

Third  and  D streets 

July  20 

86 

— 

— 

— 

— — 

418 

do 

Oct.  10 

994 

L 

_do 

Julv  7 

21 

24 

Fourth  and  E streets 

J uly  20 

281 

-1- 

+ 

(?) 

37 

.do 

Julv  24 

201 

-j- 

-1- 

148 

do 

Aug.  17 

10 

— 

— 

413 

.do 

Oct.  10 

11 

L 

do 

Julv  7 

46 

26 

Second  and  G streets 

July  20 

106 

— 

— 

— 

— 

— — 

412 

.do. - 

Oct.  10 

68 

L 

.do 

July  7 

5 

28 

Sixth  and  C streets 

July  20 

84 

_ 

— 

— 

— 

417 

do 

Oct.  10 

8 

L 

.do 

July  7 

102 

38 

E,  between  Eighth  and  Ninth  streets.. 

July  24 

56 

— 

— 

_ 

— — 

41  .T 

.do 

Oct.  10 

3,500 

-1- 

_ 

_ _ 

L 

do  

July  10 

2 

40 

Eighth  and  A streets 

July  24 

22 



— 





— — 

426 

.do 

Oct.  11 

50 

_ 

_ 

■ _ 

_ _ 

L 

.do 

Julv  21 

11 



109 

North  Capitol,  between  B and  C streets. 

Aug.  9 

33 

_ 

— 

— 

— 

— — 

374 

do  

Oct.  5 

80 

_ 

_ 

_ 

_ _ 

L 

do  

July  7 

21 

129 

Keating,  between  Lincoln  and  First 

streets 

Aug.  14 

4 

— 

— 

— 

— 

— — 

407 

do 

Oct.  9 

8 

— 

- 

— 

— — 

135 

Eleventh  and  F streets 

Aug.  15 

(?) 

+ 

-t- 

+ 

416 

do 

Oct.  10 

362 



— 

L 

do  - - 

July  10 



_!_  -1- 

217 

BenniTigs  Crossroads 

Aug.  30 

217 

+ 

-h  

435 

do  

Oct.  12 

2,500 

-h 

+ 

+ 

218 

Bennings  School 

Aug.  30 

860 

-1- 

+ 

' 

-1-  

436 

do 

Oct.  12 

192 

(?) 

- 

- 

- - 

224 

Old  Philadelphia  (Quincy)  street  be- 

tween  Twelfth  and  Thirteenth  streets 

Aug.  31 

210 

— 

— 

— 

— 

— — 

406 

do 

Oct.  9 

43 

- 

— 

- 

- — 

2'^5 

Booth  Dakota,  a venue  and  Vista,  street. 

Aug.  31 

a 530 

_ 

-1- 

+ 

405 

do 

Oct.  9 

675 



+ 

1 + 

a In  1 cc.  ? 
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Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Ferment  in  lac- 
bouillon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

Icc. 

10  cc. 

Southeast. 

1906. 

30 

Fourth  and  South  Carolina  avenue 

July 

23 

512 

+ 

+ 

-1- 

+ 

+ 

+ 

144 

do 

Aug. 

17 

6 

- 

- 

- 

- 

— 

— 

395 

.do.  

Oct. 

9 

140 











L 

. .do 

July 

10 

26 

32 

Fifth  and  G streets  

July 

23 

a 67 

+ 

-1- 

-1- 

4- 

147 

do 

Aug. 

17 

100 

— 

— 

396 

. .do 

Oct. 

9 

110 











L 

do 

July 

10 

5 

34 

Fourth  and  Seward  square 

July 

23 

32 

— 

— 

— 

— 

— 

— 

397 

. .do 

Oct. 

9 

9 











L 

do 

Julj^ 

10 

6 

35 

Third  and  C streets  

July 

23 

321 

-t- 

4- 

398 

do  

Oct. 

9 

27 

L 

do 

July 

10 

2 

91 

Seventeenth  and  Harrison  streets, 

Aug. 

6 

123 

+ 

+ 

+ 

+ 

Anacostia. 

393 

do 

Oct. 

8 

185 

_ 

_ 

_ 

L 

do 

July 

26 

340 

-1- 

92 

Seventh  and  B streets 

Aug. 

6 

15 

— 

— 

— 

— 

— 

423 

do 

Oct. 

11 

43 

_ 

L 

do 

July 

10 

5 

101 

Third  street  and  Pennsylvania  avenue. 

Aug. 

8 

65 

— 

— 

— 

— 

— 

— 

399 

do 

Oct. 

9 

360 

4- 

473 

do 

Oct. 

9 

552 

+ 

+ 

L 

do 

J uly 

10 

4 

102 

Seventh,  between  B and  C streets 

Aug. 

8 

20 

— 

— 

— 

— 

— 

424 

do 

Oct. 

11 

19 

L 

do 

July 

10 

1 

103 

Eighth  and  D streets 

Aug. 

8 

28 

— 

— 

— 

— 

— 

— 

L 

do 

July 

10 

104 

_ 

116 

Jefferson,  between  Monroe  and  Fill- 

Aug. 

10 

63 





_ 

_ 

_ 



more  streets. 

386 

do 

Oct. 

8 

67 

L 

do 

July 

26 

15 

117 

Fillmore  and  Jackson  streets 

Aug. 

10 

27 

— 

— 

— 

— 

387 

do 

Oct. 

8 

76 



L 

do 

July 

26 

2 

139 

L,  between  Thirteenth  and  Fourteenth 

Aug. 

16 

(?) 

+ 

4- 

streets. 

442 

do 

Oct. 

13 

22 

L 

do 

145 

Eleventh  street  and  South  Carolina 

Aug.  17 

25 



_ 

_ 







avenue. 

425 

....  .do 

Oct. 

11 

9 

+ 

+ 

+ 

L 

do 

J iilv 

10 

2 

146 

I,  between  Eleventh  and  Twelfth 

Aug.  17 

27 



streets. 

444 

do 

Oct. 

13 

157 

_ 

L 

do 

J 111  V 

10 

6 

183 

Hamilton  road 

Ausr.  24 

26 

-p 

-j- 

4- 

389 

do 

Oct. 

8 

665 

185 

Stanton  and  Pomeroy  streets 

Aug.  24 

9 

— 

— 

— 

— 

— 

— 

a No  indol. 
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Bacteriology  of  the  shallow  wells  in  the  District  of  Columbia — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Ferment  in  lac- 
bouiUon. 

B.  coli  present. 

0.1  cc. 

1 cc. 

10  cc. 

0.1  cc. 

1 cc. 

10  cc. 

Southeast — Continued. 

1906. 

390 

Stanton  and  Pomeroy  streets 

Oct.  8 

68 

L 

do 

July  26 

’ 

208 

Stanton  School 

Aug.  29 

19 

_ 

— 

— 

— 

_ 

391 

do 

Oct.  8 

500 

L 

do 

July  26 

620 

209 

Twentieth  and  Joliet  streets 

Aug.  29 

26,250 

-h 

-t- 

-i 

— 

— 

300 

do 

Sept.  19 

241 

-1- 

+ 

392 

do 

Oct.  8 

110 

L 

do 

July  26 

270 

385 

T Street  hill 

Oct.  8 

97 

422 

Ninth  and  E streets 

Oct.  11 

20 

+ 

+ 

L 

do 

J uly  10 

Note. — In  these  tables  the  number  in  the  first  column  refers  to  our  laboratory  number.  The  analyses 
marked  “I/’  were  made  by  Mr.  F.  F.  Longley,  chief  chemist  and  assistant  superintendent  of  the  filtra- 
tion plant.  The  latter  data  are  included  for  completeness  and  comparison,  and  have  been  furnished 
through  the  kindness  of  Capt.  Spencer  Cosby,  U.  S.  Army. 

For  miscellaneous  water  supplies,  such  as  Soldiers’  Home,  St. 
Elizabeth’s,  Ghevy  Chase,  etc.,  and  for  details  of  chemical  analyses  of 
all  these  well  waters,  see  Section  XII,  pages  360  and  328. 
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SANITARY  INSPECTION  OF  THE  TABLE  WATERS  VENDED  IN 

WASHINGTON,  D.  C. 


By  Joseph  Goldberger. 

Passed  Assistant  Surgeon,  Public  Health  and  Marine- Hospital  Service. 


SUMMARY. 

0 

There  is  on  sale  in  the  city  of  Washington  a great  variety  of  “min- 
eral” Avaters,  both  foreign  and  domestic.  One  dealer  publishes  a list 
of  more  than  sixty  names.  It  was  obviously  impracticable  to  make 
a study  of  all  of  these,  nor  was  it  necessary  for  the  purposes  of  this 
inquiry.  The  inspection  AA^as  confined  to  those  table  AA^aters  originat- 
ing in  or  near  the  city  or  bottled  here.  These  AA^ere  studied  as  to 
their  source  and  as  to  the  mode  of  purveyance,  and  samples  AA^ere 
taken  for  chemical  and  bacteriological  examination  AAuth  a view  of 
discovering  any  possible  contamination. 

Taa^o  Avaters  gave  evidence  of  pollution  on  chemical  and  bacteri- 
ological examination. 

The  claims  of  some  dealers  as  to  sterilization  of  their  AA^ater  bottles 
could  not  be  substantiated. 

In  a few  instances  the  inspection  disclosed  objectionable  sanitary 
conditions  and  methods,  and  some  practices  AA'hich  are  calculated  to 
mislead  the  Consumer  as  to  the  source  or  character  of  the  AA^ater,  but 
it  failed  to  disclose  any  conditions  Avhich  could  be  regarded  as  respon- 
sible for  the  prevalence  of  any  part  of  the  typhoid  fever  in  Washington. 

DETAILS  OF  INSPECTION. 

NATIONAL  AVATER  COMPANY,  GENEVA  LITHIA  AA^ATER  DEPOT. 

[M.  L.  Harper,  737  Eleventh  street,  NW-] 

This  firm  sells  all  kinds  of  mineral  Avaters,  of  Avhich  “Tate  Epsom 
Spring,”  “Otterburn  Lithia,”  and  “Powhatan  Spring”  are  bottled 
on  the  premises.  It  also  manufactures  and  bottles  distilled  Avater  for 
table  use. 

Bottling. — This  is  done  in  the  cellar  under  the  store  Avhere  the 
business  is  conducted.  The  cellar  is  a crude  one,  with  unpaved  dirt 
floor  and  Avith  the  joists  supporting  the  board  floor  of  the  store  for  a 
ceiling.  Thick  layers  of  dust  were  much  in  evidence. 
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The  bottles  used  are  secondhand  and  bought  from  grocers  and 
private  families.  They  are  washed  inside  and  out  with  ordinary  tap 
water,  using  sand  with  the  water  jet  for  the  interior  when  the  condi- 
tion of  the  bottle  demands  it.  After  a final  rinsing  with  the  tap 
water  and  draining  the  bottle  is  readv  for  filhng. 

The  bottles  are  filled  from  carboys  or  barrels  by  siphonage  through 
a rubber  tube.  The  siphon  action  is  started  by  suction  with  the 
mouth.  After  filling,  the  bottles  are  stoppered  with  corks  which  are 
mostly  new,  but  old  corks  before  beiog  used  agaiu  are  washed  ia  a 
stream  of  hot  water. 

Distilled  water. — The  boiler  used  for  heating  the  place  of  busiuess 
is  also  used  for  generating  the  steam  which  is  used  for  making  the 
distfiled  water.  The  steam  is  condensed  m a jacketed  cod  of  iron 
pipe  and  the  water  collected  and  cooled  iu  a galvanized-iron  tank, 
which  was  loosely  covered  with  a sheet  of  the  same  material.  The 
tank  is  iu  a closet  partitioned  off  from  the  room  back  of  the  store. 
From  the  tank  a pipe  runs  through  the  floor  iuto  the  cedar  where  the 
bottliug  is  done.  The  bottling  of  the  distdled  water  differs  from  the 
the  method  above  described,  in  that  the  distdled  water  is  run  directly 
iuto  the  bottles  by  gravity,  beiug  strained  through  cheese  cloth  in  the 
process.  The  specimen  of  this  water  (Xo.  470)  obtaiued  by  purchase 
over  the  counter,  shows  both  bacteriologicady  and  chemically  lack  of 
cleanliness  iu  handling. 

Pou'Jiatan  Spring  v:ater. — This  water  is  hauled  in  5-gallon  carboys 
from  the  spriug,  which  is  about  2 mdes  west  of  BaUston,  Ya. 

The  spriug  is  at  the  base  of  a wooded  hdlside,  at  the  top  of  which  a 
frame  house  was  beiug  erected  at  the  time  of  the  inspection.  It  is 
protected  on  three  sides  and  above  by  brickwork.  The  water  col- 
lects in  a sort  of  shallow  basin,  from  which  it  flows  through  an  iron 
pipe  to  an  adjacent  ddapidated  spring  house,  iu  which  there  stood  at 
the  time  of  iuspection  an  iron  kettle  contaiuing  some  decomposing 
and  evd-smelhng  flesh.  The  appearance  of  the  place  iudicated 
neglect. 

A sample  (Xo.  429)  of  the  water  taken  as  it  flowed  from  the  pipe  iu 
the  spriug  house  and  examined  chemically  and  bacteriologicady 
showed  no  evidence  of  pollution. 

GEE  AT  BEAE  SPEIXG  WATEE. 

[Office,  704  Eleventh  street  XW.] 

The  spring  is  iu  Oswego  Coimty,  X.  Y.  The  water  is  brought  to 
the  city  by  rad  iu  sealed  iron  tanks  said  to  be  cement  liued,  from 
which  it  is  pumped  into  simdar  storage  tanks  at  First  and  I streets 
SE.,  where  the  bottling  is  done. 

a Laboratort’  number  under  vMcb  the  bacteriological  and  chemical  examination 
was  made,  and  which  will  be  found  in  the  appended  table. 
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Bottling. — The  bottling  is  done  in  a large  well-aired  place,  the 
ground  floor  of  a small  brick  building,  open  to  the  street.  Returned 
bottles  are  used  and  are  washed  in  spring  water  which  has  been  heated 
in  a hot-water  boiler.  The}^  are  filled  direct  from  taps  connected 
with  the  storage  tanks  and  immediately  stoppered  and  sealed. 

Glass  stoppers  are  used  for  the  half-gallon  bottles  and  corks  for 
those  of  larger  sizes;  these,  when  old,  are  washed  before  using. 

A chemical  and  bacteriological  examination  of  a sample  (No.  457) 
taken  from  the  storage-tank  tap  gave  no  indications  of  injurious 
pollution. 

F.  H.  FINLEY  & SON. 

[Massachusetts  avenue  and  Second  street  NE.] 

This  firm  manufactures  a variety  of  carbonated  and  soda  waters 
and  a distilled  water  for  table  use.  The  establishment  is  a fair-sized 
one  and  well  kept.  The  basis  for  all  its  products  is  said  to  be  distilled 
tap  water,  which  is  filtered  before  being  distilled. 

The  distilled  water  flows  from  the  patent  condenser  into  enamel- 
lined  tanks.  The  bottles  used  for  distilled  water  are  washed  in  warm 
alkaline  tap  water,  riused,  and  then  filled  at  a tap  connected  directly 
with  the  above-mentioned  enamel-lined  tanks.  The  half-gallon 
bottles  are  stoppered  with  a porcelain  stopper,  those  of  larger  size 
with  new  corks  wrapped  in  tin  foil. 

A bottled  sample  (No.  458)  obtained  at  the  bottliug  establishment 
showed,  chemically,  no  evidence  of  pollution;  but  bacteriologically 
showed  some  contamination  in  the  handliug,  but  not  of  an  injurious 
character. 

GITCHE  CRYSTAL  SPRING  WATER. 

[Geo.  N.  Beebe,  1729  Florida  avenue.] 

This  water  is  one  of  the  most  extensively  used  in  the  city.  It  is 
obtained  from  a spring  near  Bennmgs,  D.  C.  The  spring  appears  on 
the  slope  of  a wooded,  uninhabited  hill,  where  it  is  completely  cov- 
ered over  and  sealed  and  from  which  the  water  is  piped  to  a small 
wooden  galvanized  iron-lined  tank  in  a shack  at  the  base  of  the  hill. 
The  tank  holds  about  1,000  gallons  and  serves  the  purpose  of  a reser- 
voir. From  this  reservoir  it  is  pumped  into  wooden  paraffin-lined 
tanks,  in  which  the  water  is  hauled  to  the  city  and  delivered  to  the 
consumer  at  his  door. 

The  delivery  tank  is  provided  with  a manhole,  closed  with  a tin 
cover,  which  is  not  air-tight,  so  that  as  the  water  is  drawm  the  street 
air,  more  or  less  dust-laden,  enters.  The  interior  is  cleansed  and 
reparaffined  from  time  to  time. 

Chemical  and  bacteriological  examination  of  a sample  (No.  357) 
taken  from  the  waste  pipe  leading  from  the  tank  showed  no  evidence 
of  pollution. 
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RED  OAK  SPRING  COMPANY. 

? [Office,  Eleventh  and  F streets  NE.] 

This  company  bottles  and  sells  for  table  use  a water  obtained  from 
a spring  about  miles  out  on  the  Bladensburg  road,  District  of 
Columbia. 

The  spring  appears  at  the  base  of  a knoll  which  is  under  cultivation 
and  on  which  is  a house  now  untenanted  and  said  to  have  been 
unoccupied  for  some  months.  About  150  feet  away  is  a barn  not  m 
use  at  the  tune  of  the  inspection.  Adjoining  the  barn  was  a box  privy, 
but  this  has  been  moved  some  300  feet  below  the  spring  and  to  the  far 
side  of  a little  brook  which  flows  by.  The  natural  drainage  from  the 
barn  is  toward  the  brook.  The  present  location  of  the  priw\^  removes 
it  from  all  consideration  in  connection  with  the  spring.  Such  drain- 
age from  the  slope  as  would  tend  toward  the  spring  is  diverted  to 
either  side  b}^  a shallow  furrow  plowed  across  part  of  the  slope  above 
the  spring.  Careful  provision  has  been  made  for  the  protection  of 
the  spring  and  the  water.  The  spring  itself  has  been  surrounded  m a 
radius  of  8 feet  bv  a thick  circular  concrete  wall  extending,  it  is  said, 
about  15  feet  below  the  ground  surface,  and  on  it  a substantial  spring 
house  has  been  erected.  This  is  kept  closed  against  mtruders.  The 
floor  of  this  spring  house  is  vitrified  brick  laid  m cement,  and  m the 
center  is  sunk  a glazed  terra-cotta  cylinder  about  3 feet  in  diameter, 
into  which  the  spring  wells  up  and  from  which  the  water  is  piped  a 
distance  of  about  15  feet  to  a concrete  basm  serving  as  a reservoir 
and  protected  by  a house  similar  to  the  spring  house.  The  waste 
flows  off  into  a catch  basin,  from  which  it  runs  through  a pipe  to  the 
brook.  The  water  is  pumped  from  this  reservoir  into  5-gallon  glass 
carboys  and  hauled  to  the  office,  where  it  is  poured  into  glazed  earthen- 
ware crocks  m preparation  for  bottling.  The  bottling  is  done  in  a 
large  airy  room  adjoinhig  the  office  proper.  Here  the  bottles  and 
carboj^s  are  cleaned,  first  in  tap  water,  then  m hot  spring  water,  and 
dramed.  The  bottles  are  then  filled  from  the  crocks,  the  water  flow- 
ing out  through  a faucet  into  a fumiel  covered  with  a cloth  intended 
to  act  as  a straining  cloth.  This  cloth  is  washed  from  time  to  time. 
Half-gallon  bottles  are  stoppered  with  a porcelain  stopper  having  a 
rubber  gasket,  both  of  which  are  first  washed  in  the  spring  water. 
The  .5-gallon  carboys,  after  being  filled,  are  cork  stoppered. 

A sample  (No.  371)  taken  from  the  waste  pipe  at  the  spring  was 
examined  chemically  and  bacteriologically.  Considering  all  the 
evidence,  this  water  may  properly  be  regarded  as  unpolluted. 

E.  A.  BUTTS. 

« 

[734  Fourteenth  street  NW.] 

This  firm  sells  Geneva  Ked  Cross  lithia  and  Hume  Spring  water, 
both  of  which  are  bottled  on  the  premises. 
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Bottling. — The  bottling  is  said  to  be  done  in  a little  room  parti- 
tioned off  from  the  rear  portion  of  the  store.  At  the  time  of  the 
first  visit  inspection  was  denied  on  the  ground  of  its  being  in  use  for 
some  other  undefined  purpose,  but  after  an  hour  admission  was  per- 
mitted. This  interval  was  probably  used  for  preparing  the  place 
for  inspection.  In  this  little  room  the  bottles  and  carboys  are  said 
to  be  cleaned  with  sand  and  tap  water  and  then  filled  by  pouring 
directly  from  the  carboys  through  a funnel  or  first  into  an  enameled 
ware  tub  and  then  dipped  from  this  and  poured  through  the  funnel. 
After  filling,  the  bottles  are  cork  stoppered. 

Hume  Spring  water. — This  water  is  hauled  from  the  Hume  Spring 
in  5-gallon  carboys.  This  spring  is  on  the  Hume  property  about  5 
miles  from  the  Aqueduct  Bridge  in  the  direction  of  Alexandria,  Ya. 
The  spring  originally  appeared  in  a little  gully,  but  this  was  filled  in 
some  3^ears  ago  to  about  7 feet  on  all  sides  of  the  spring,  so  that  now 
it  is  in  the  center  of  a circular  depressed  space  about  15  feet  in  diam- 
eter and  about  10  feet  deep.  The  floor  about  the  spring  is  well 
paved  and  the  circular  wall  is  brick  lined.  A flight  of  stone  steps 
leads  down  from  the  level  above  the  floor.  Over  all  this  is  a circu- 
lar roof  supported  on  columns  about  15  feet  high. 

The  water  rises  in  a glazed  terra-cotta  pipe,  which  is  moss-grown, 
and  overflows  at  one  point  and  runs  off  in  a little  trough.  An  auxili- 
ary spring,  which  is  completely  sealed  from  view,  discharges  by  a 
small  iron  pipe  into  the  same  little  trough  which  carries  away  the 
overflow  from  the  main  spring.  The  spring,  though  private  property, 
is  open  to  the  public.  The  surrounding  land  is  under  cultivation, 
and  about  500  feet  away  is  a barn. 

A sample  (No.  437)  taken  from  the  main  spring  was  chemically 
and  bacteriologically  examined.  Considering  all  the  evidence  this 
water  may  properly  be  regarded  as  unpolluted. 

CASTALIA  SPRING  WATER. 

This  is  bottled  at  the  spring  and  so  brought  to  the  city.  The 
spring  is  about  3 miles  from  Branchville,  Md.  It  rises  at  the  base 
of  a low  wooded  hill  with  no  habitation  very  near.  It  is  inclosed 
by  a quadrangular  concrete  wall  sunk  several  feet  below  the  surround- 
ing level  and  inclosed  and  roofed  over  by  a low  wooden  structure. 

Bottling. — The  bottles  are  stored  and  cleaned  in  a small  adjacent 
wooden  house  used  only  for  this.  The  cleaning  is  done  in  a tub  by 
hand,  using  warm  spring  water  for  the  purpose.  Before  filling  they 
are  rinsed  with  clean,  fresh  spring  water.  The  filling  is  done  by  per- 
mitting the  water  to  flow  directly  into  the  bottle  from  the  spring 
through  an  iron  spout.  They  are  then  stoppered  with  new  corks. 
Bacteriological  and  chemical  examination  of  a sample  (No.  447) 
taken  at  the  spring  gives  no  evidence  of  pollution. 
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CRYSTAL  ROCK  WATER  COMPANY. 

[Manager,  1212  H street  N\Y.] 

This  company  sells  water  obtained  from  a well  in  Virginia,  the 
property  of  W.  B.  Matthews,  about  2 miles  from  the  Chain  Bridge. 

^Yell. — The  well  is  on  a hill  close  to  a dwelling.  There  is  a privy 
and  barn  about  150  feet  away,  the  drainage  from  whnch  is  in  a direc- 
tion away  from  the  well.  The  well  is  said  to  be  about  60  feet  deep 
and  is  sealed  with  a galvanized  iron  cover  over  which  is  laid  a wood 
floor. 

Bottling. — The  bottles  are  cleaned  in  the  well  water  and  then  filled 
through  funnels.  The  water  is  strained  tlnough  a cloth  tied  over 
the  spout. 

The  bottles  thus  filled  are  hauled  to  the  city  and  distributed  from 
the  storeroom  at  1212  H street  NW. 

Examination  of  a sample  (No.  438)  taken  at  the  well  after  a few 
minutes  of  pumping  gave  no  evidence  of  injurious  pollution. 

ARLINGTON  BOTTLING  COMPANY. 

[Twenty-seventh  and  K streets  NW.] 

This  is  a large  bottling  establishment  which  puts  on  the  market 
a variety  of  carbonated  waters,  among  which  may  be  mentioned 
^‘Sparkling  Bock  Spring  Lithia,’'  ‘^Blue  Label  Wiesbadner  Sprudel,” 
and  “Arlington  Spring  Mineral  Water.” 

LABEL. 

Sparkling 

Rock  Spring  Lithia 

Cool  before  using. 

Recommended  by  physicians  for  its 
purity  and  healthfulness. 

Rock  Spring  Lithia. 

Chas.  Jacobsen,  Sole  Distributor. 

Washington,  D.  C. 

LABEL. 

Blue  Label  Wiesbadner  Sprudel. 

Sprudel  Wiesbadner  Wasser. 

Keep  cool  and  on  its  side. 

Kiihl  und  liegend  aufzubewahren. 

Friedrichs  Quelle, 

Natural  Mineral  Water. 

Caution 

The  corks  of  the  genuine  bear  the  brand 
“Friedrichs  Q.” 
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LABEL. 

Arlington  Springs. 

Keep  in  a cool  place  and  laid  on  its  side. 

Arlington  Springs  Mineral  Water. 

A.  B.  Co. 

Trade  mark 
Bottled  by  the 
Arlington  Bottling  Co. 

Chas.  Jacobsen,  Proprietor. 

Washington,  D.  C. 

These  names  and  the  labels  on  the  bottles  are  misleading  as  to  the 
character  of  the  contents.  They  are  all  filtered  tap  water  to  which 
salts  are  added  and  then  artificially  carbonated. 

Samples  were  taken  of  the  filtered  tap  water  (No.  384),  and  bottles 
of  the  ^ ^Sparkling  Rock  Spring  Lithia”  (No.  461),  “Arlington  Spring 
Mineral  Water”  (No.  462),  and  ^^Sprudel  Wiesbadner  Wasser”  (No. 
463)  were  obtained  at  the  bottling  establishment  and  submitted  to 
bacteriological  and  chemical  examination.  None  of  these  showed 
indications  of  injurious  pollution. 

NORWOOD  ARTESIAN  WATER  COMPANY. 

[1804  U street  NW.] 

This  company  bottles  and  sells  water  filtered  through  a Berkefeld 
filter  from  a so-called  artesian  well. 

Well. — The  well  is  on  the  premises  of  Dr.  Ralph  Walsh,  on  Norwood 
Heights.  It  is  about  75  feet  from  the  nearest  dwelling,  and  about 
200  feet  distant  from  it  is  a priv}^  and  somewhat  nearer  a barn.  The 
surface  drainage  from  the  barn  and  privy  is  away  from  the  well. 
The  well  is  said  to  be  about  200  feet  deep.  The  water  is  pumped 
into  a 3,000-gallon  tank,  from  which  it  is  drawm  daily  into  barrels  and 
carboys  in  the  quantity  needed  and  hauled  to  1804  H street.  Here, 
in  a clean,  air}^  cellar,  the  water,  after  being  pumped  from  the  barrel 
or  carboy  and  forced  through  a Berkefeld  filter,  is  bottled. 

Bottling bottles  are  cleaned  with  tap  water  and  sand  and 
rinsed  with  the  filtered  well  water,  with  which  they  are  filled  directly 
as  it  flows  through  a rubber  tube  from  the  Berkefeld  filter. 

Half-gallon  bottles  are  stoppered  with  porcelain  stoppers,  which 
are  provided  with  rubber  gaskets,  all  of  which  are  washed  in  the 
filtered  water  before  using.  The  larger  carboys  are  cork  stoppered. 

Samples  were  taken  at  the  city  depot  of  the  raw  unfiltered  water 
(Nos.  409  and  466)  and  of  the  water  immediately  after  it  had  been 
forced  through  the  Berkefeld  filter  (Nos.  410,  467,  and  468).  Chemi- 
cal and  bacteriological  examination  gave  evidence  of  pollution  in  this 
water ; considering  all  the  circumstances  this  is  probably  due  to  the 
method  of  handling. 
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MAGNESIA  CEY^STAL  TABLE  WATEE. 

[Office  and  springs,  117  Anacostia  road.  District  of  Colmnbia.] 

The  label  on  bottles  of  this  water  is  misleading  in  that  it  is  in- 
tended to  create  the  impression  that  it  is  a spring  water,  whereas  it 
is  pumped  from  a well,  bottled,  and  sold. 

LABEL. 

Magnesia  Crystal  Table  Water 
The  purest  and  healthiest 
of  table  waters. 

Office  and  springs: 

117  Anacostia  Road,  D.  C. 

Win.  B.  Young, 

Manager. 

^yeTl. — The  well  is  at  the  rear  entrance  of  the  dwelling  at  117 
Anacostia  road.  The  well  is  said  to  be  lined  with  brick  which  are 
laid  in  cement  above  the  level  of  the  water.  It  is  covered  by  a 
board  platform,  the  seams  of  which  are  caulked.  About  25  feet  from 
the  pump  is  a box  privy,  the  drainage  from  which  is  in  a direction 
away  from  the  well. 

Bottling. — The  bottles  are  washed  in  the  well  water,  sand  being 
used  when  thought  necessarj^.  The  bottles  are  filled  by  pumping 
directly  into  them  and  are  then  cork  stoppered.  Keturned  corks  are 
washed  and  used  over  again. 

Chemical  and  bacteriological  examination  of  samples  (Nos.  394  and 
456)  taken  at  the  well  gives  e^fidence  of  sewage  pollution. 

This  water  has  been  on  the  market  only  two  or  three  months. 

PUEE  TABLE  WATEE. 

[Home  Ice  Company,  Twelfth  and  V streets  NW.] 

This  water  comes  from  a bored  well  60  feet  deep  on  the  premises 
of  the  Home  Ice  Compan}^.  The  water  is  forced  up  by  air  pressure 
and  piped  to  an  enamel-lined  tank,  from  which  the  bottles  in  which 
it  is  sold  are  filled. 

Bottling. — The  bottles  are  washed  by  hand  in  the  well  water  and 
are  then  filled  through  a funnel  from  a tap  connected  with  the 
enamel-lined  tank.  In  the  filling  the  water  is  strained  through  some 
cheese  cloth  in  order  to  exclude  sand  grains  and  other  foreign  par- 
ticles. This  water  has  been  on  the  market  about  two  months. 

A specimen  (No.  238)  of  this  water  gave  no  evidence  of  recent  pol- 
lution by  either  bacteriological  or  chemical  examination. 
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TAKOMA  SPRING  WATER. 

[F.  W.  Bougley,  Takoma  Park.] 

This  water  is  from  Takoma  Spring. 

Spring. — The  opening  is  near  the  base  of  a wooded  hillside  at 
Takoma  Park.  It  is  arched  over  by  a brick  and  masonry  structure 
having  a door  which  is  sealed.  The  water  is  piped  to  a nearby  spring 
house  where  the  bottling  is  done.  Most  of  the  water  is  wasted  by 
flowing  from  the  spring  through  a terra  cotta  pipe. 

Bottling. — The  bottles  are  cleaned  in  the  spring  water  and  are  said 
to  be  filled  from  the  tap  in  the  spring  house.  Half-gallon  bottles  are 
stoppered  mth  porcelain  stoppers,  the  larger  with  corks. 

Bacteriological  and  chemical  examination  of  a sample  (No.  420) 
taken  at  the  spring  gave  no  evidence  of  pollution. 

MAGNOLIA  SPA  WATER. 

[Magnolia  Spa  Water  Company,  Lanham,  Md.] 

This  water  is  from  a spring  about  1^  miles  from  Lanham,  Md. 

Spring. — It  is  one  of  several  which  rise  at  the  base  of  a low  hill 
on  the  top  of  which  is  a dwelling.  The  spring  is  inclosed  in  a pipe 
of  terra  cotta  and  this  is  surrounded  by  masonry,  which  is  roofed  over 
by  a wooden  cover  and  closed  by  a wooden  door.  A further  attempt 
^is  made  to  keep  the  surface  drainage  from  the  slope  from  reaching 
the  spring  by  a masonry  wall  extending  across  the  slope  above  the 
springs.  The  water  flows  from  the  spring  through  a galvanized-iron 
pipe. 

Bottling. — The  bottles  are  cleaned  by  hand  in  the  spring  water  to 
which  an  alkali  is  said  to  be  added  to  aid  in  the  cleansing  process. 
The  bottles  are  filled  through  a funnel  by  simply  allowing  the  water 
to  flow  in  from  the  mouth  of  the  pipe.  The  water  is  strained  through 
a cloth  to  remove  foreign  particles.  The  bottles  are  cork  stoppered, 
the  corks  being  washed  before  using. 

A sample  (No.  421)  taken  at  the  spring  showed  no  evidence  of 
pollution  on  chemical  and  bacteriological  examination. 

SAMUEL  C.  PALMER. 

[1066-1068  Thirty-second  street  NW.] 

This  firm  puts  out  a variety  of  ^^soft  drinks,”  including  a brand 
called  ‘‘Allegheny  JMineral  Water.”  This  “Allegheny  IMineral  Water” 
is  simply  tap  water  filtered,  carbonated,  and  bottled, 
i The  bottles  are  washed  in  alkalin  tap  water,  rinsed  in  fresh  tap 
water,  and  then  filled  at  a bottling  machine. 

i Bacteriological  examination  of  a sample  of  the  filtered  tap  water 
(No.  400)  and  of  the  charged  (Allegheny  Mineral  Water)  water 
29643—07 11 
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(Xo.  465),  taken  in  sterile  bottles,  and  of  the  bottled  water  (Alle- 
gbeny  ^lineral  TTater  ' in  tbe  original  container  (Xo.  464)  shows  evi- 
dence of  contamination  in  handling:. 

cr 


THE  EEXAL  SPEEN'G  WATER. 

[H.  Gerhoid.  Eleventh,  street  and  Park  road.] 

This  water,  which  from  its  name  one  would  suppose  to  be  a spring 
water,  is  in  fact  derived  from  a well  said  to  be  60  feet  deep.  The 
well  is  in  a wooden  shack  about  15  feet  from  a bam.  The  interior 
of  the  well  is  brick  hned  and  it  is  covered  by  some  wooden  planking. 

The  bottling  is  done  in  an  adjoining  shack.  The  water  is  pumped 
into  buckets,  from  which  it  is  dipped  out  and  poured  into  bottles 
through  a tin  funnel,  being  strained  in  the  process  through  a piece 
of  cloth  to  remove  any  coarse  particles.  The  bottles  are  washed 
before  filling  in  well  water  to  which  some  soda  is  said  to  be  added. 
Only  new  corks  are  said  to  be  used  for  stoppering. 

LABEL. 


TTie  Renal  Spring  Water. 

U.  S.  and  D.  C.  analyses. 

Recommended  by  doctors  and  bealtb  an- 
tborities. 

Result  of  analysis  is  as  follows: 


Bicarbonate  of  soda 0.  ITS 

Bicarbonate  of  calcium 596 

Bicarbonate  of  magnesia 7S6 


Cbloride  of  sodium 1. 100 

Sulphate  of  sodium 1.176 

Iron  and  alumina 206 

Silic-a 638 


T.  65 

Office:  Park  Road  and  11th  St.  Ex’d. 
J.  D.  Hird,  A.  M.,  Chemist. 

Keep  in  a dry  place. 


A sample  (Xo.  472  ' of  the  water  taken  at  the  weU  gives  no  evi- 
dence of  bacterial  pollution:  but  chemical  examination  gives  indica- 
tions of  probable  seepage  from  the  nearby  barn. 


POLAND  water. 

Tills  table  water  is  brought  to  the  citv  bottled  and  is  sold  in  these 

* 

original  containers. 

A sample  (Xo.  471;  purchased  from  a dealer  gives  no  evidence  of 
pollution. 


Table  showing  results  of  chemical  and  bacteriological  examinations  of  table  waters  vended  in  Washington,  I). 

[Examinations  under  direction  of  chiefs  of  divisions  of  Bacteriology  and  Cheiiiistry.] 
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Table  showing  results  of  chemical  and  bacteriological  examination  of  table  waters  vended  in  Washington,  D.  C. — Continued. 
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TYPHOID  “ BACILLUS-CARRIERS.” 


By  Joseph  Goldberger, 

Passed  Assistant  Surgeon,  Public  Health  and  Marine- Hospital  Service. 


The  great  importance  of  contact,  direct  and  indirect,  in  the  epi- 
demiology of  t^’phoid  fever  has  been  receiving  increasing  attention 
in  recent  years.  One  of  the  most  interesting  and  important  facts 
developed  as  a result  of  this  relates  to  the  part  played  in  the  trans- 
mission of  the  disease  by  persons  apparently  in  perfect  health. 

The  fact  that  persons  in  average  health  might  harbor  the  cholera 
vibrio  in  their  intestinal  tracts  or  the  diphtheria  bacillus  in  their 
throats  has  been  knoAvn,  and  its  importance  in  prophylaxis  appre- 
ciated for  some  years;  but  it  is  only  a few  years  since  the  suspicion, 
that  a similar  relationship  might  exist  in  the  case  of  man  and  the 
typhoid  bacillus,  has  actually  been  confirmed. 

It  has  been  found  that  persons  apparently  well  may  discharge 
tA'^hoid  bacilli  in  the  urine  or  feces  for  months  and  even  years  after 
passing  through  an  attack  of  the  disease.  It  has  been  knovm  since 
1881  that  typhoid  bacilli  may  be  present  in  the  urine  during  an 
attack  of  typhoid  fever,  but  the  knowledge  of  their  persistence 
therein  long  into  convalescence  and  even  for  years  after  is  compara- 
tively very  recent.  In  1899  a remarkable  case  was  reported  by 
Richardson.  The  patient,  a man,  returned  to  the  Johns  Hopkins 
Hospital  five  years  after  having  been  treated  there  for  typhoid  fever. 
Investigation  showed  him  to  be  suffering  from  a cystitis,  and  the 
typhoid  bacillus  was  obtained  in  pure  culture  from  his  urine. 

Busing  (1902)  reported  finding  the  bacillus  in  the  urine  of  a trooper 
returned  from  China  four  months  after  an  attack  of  typhoid.  This 
man,  except  for  a slight  tendency  to  frequent  micturition,  presented 
no  sAunptoms  that  would  attract  attention  to  his  condition. 

Liebetrau  (1906)  has  reported  a very  interesting  and  instructive 
case.  On  and  oft'  smce  1896  there  had  occurred  cases  of  typhoid 

fever  in  newcomers  to  a mill  in  the  toAvn  of  W . A fatal  case  in 

a servant  in  October,  1905,  caused  an  investigation  to  be  made, 
which  led  to  the  discovery  that  the  brother  of  the  mistress  of  the 
place,  a man  who  had  lived  at  the  mill  a great  many  years,  and  who 
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had  had  a severe  attack  of  typhoid  in  1896  was  discharging  typhoid 
bacilli  in  his  urine  and  feces  in  almost  pure  culture. 

In  the  feces  of  those  who  have  had  typhoid  fever  the  bacillus  has 
been  found  to  persist  for  even  longer  periods  than  in  the  urine,  and 
such  persons  may  continue  to  endanger  the  public  health  for  many 
years. 

Kayser  (1906),  in  investigating  a small  milk  outbreak  (5  cases) 
in  Strassburg,  traced  the  infected  milk  to  a small  dairy  where  was 
discovered  a chronic  bacillus  carrier  in  the  person  of  a 12-year  old 
lad  in  whose  stools  typhoid  bacilli  were  present  in  large  numbers. 
This  lad  had  had  an  unrecognized  attack  of  typhoid  six  months 
before. 

This  writer,  in  the  same  paper,  mentions  another  milk  outbreak 
(17  cases)  which  was  also  traced  to  a dairy,  where  there  was  found  a 
chronic  bacillus-carrier  in  the  person  of  a woman  in  whose  feces  the 
bacilli  were  present. 

In  another  paper  Kayser  (1906)  reports  the  case  of  a chronic 
bacillus-carrier  which  well  illustrates  the  dangerous  character  of  such 
persons.  This  one,  a woman  40  years  old,  had  had  an  attack  of 
typhoid  when  she  was  about  10  years  old,  subsequent  to  which  she 
suffered  from  jaundice,  and  for  five  years  preceding  the  date  of  com- 
ing under  observation  had  been  suffering  from  attacks  of  gall-stone 
colic  (it  will  be  remembered  that  her  attack  of  typhoid  dated  back 
thirty  years).  Fecal  examination  November  24,  1904,  and  repeat- 
edly since,  has  shovm  the  persistent  presence  of  the  typhoid  bacillus. 
Her  blood,  tested  January  11,  1905,  gave  a positive  agglutination 
with  typhoid  bacilli  in  a dilution  of  1:1,000.  In  1904  two  cases  of 
typhoid  fever  occurred  in  members  of  her  household  in  which  no 
other  source  of  infection  could  be  found.  Two  other  cases  occurred 
in  neighbors  with  whom  she  had  business  dealings. 

Lentz  (1905)  mentions  a case  in  which  the  organisms  were  present 
in  the  feces  forty- two  years  after  an  attack  of  typhoid. 

Of  perhaps  greater  interest  and  not  less  importance  is  a group  of 
persons  who  have  been  found  to  discharge  typhoid  bacilli  in  urine 
or  feces  for  long  periods,  but  have  never  experienced  any  clinical 
manifestations  of  the  disease.  Most,  if  not  all,  of  the  individuals 
belonging  to  this  group  have  at  some  time  been  in  a more  or  less 
close  association  with  persons  actually  sick  with  the  disease. 

The  literature  contains  some  interesting  and  instructive  illustra- 
tions. 

Houston,  in  1899,  reported  a case  of  cystitis  of  three  years  stand- 
ing in  which  the  typhoid  bacillus  was  found  in  the  urine  in  pure  cul- 
ture. The  patient,  a woman,  had  lived  in  the  house  where  two 
children  whom  she  had  helped  to  nurse  had  died,  one  of  bronchitis 
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and  the  other,  she  thought,  of  diarrhea,  shortly  before  the  onset  of 
her  symptoms. 

Drigalski  and  Conradi  (1902)  isolated  the  typhoid  bacillus  from 
the  stools  of  four  persons  who  showed  no  symptoms  of  any  kind,  but 
who  had  been  in  close  contact  with  cases  of  typhoid  fever. 

Donitz  (1903)  mentions  two  cases  of  typhoid  fever  in  children  who 
were  probably  infected  by  their  mother,  who,  though  apparently 
well,  had  typhoid  bacilli  in  the  urine.  She  had  probably  acquired 
the  infection  from  a case  of  the  disease  which  had  occurred  on  the 
premises  four  months  before. 

Liebetrau  (1906)  reports  the  case  of  a woman,  an  attendant  in  a 
prison,  who  was  found  discharging  bacilli  in  the  feces  two  years  after 
having  nursed  two  cases  of  the  disease.  She  was  well  and  had  never 
been  sick.  The  occurrence  of  4 cases  of  typhoid  in  inmates,  who  had 
been  there  so  long  that  they  could  not  have  acquired  their  infec- 
tion outside,  led  to  her  discovery  and  isolation,  after  which  no  more 
cases  appeared. 

No  exact  estimate  of  the  frequency  of  chronic  typhoid  bacillus 
carriers  can  be  made  at  this  time,  the  literature  on  the  subject  being 
as  yet  too  scanty.  A working  idea,  however,  may  be  formed. 

The  frequency  with  which  the  typhoid  bacillus  has  been  isolated 
from  the  urine  varies  widely,  as  may  be  seen  from  the  table.  This 
variation  depends,  in  part,  on  differences  in  technique  and,  in  part,  on 
the  stage  of  the  disease  in  which  the  studies  were  made  and  the  fre- 
quency with  which  the  examinations  were  repeated  in  each  case. 
Considering  only  the  studies  (indicated  in  the  table  by  a *)  made  on 
cases  taken  at  random,  since  the  introduction  of  the  serum  agglutina- 
tion test  for  the  identification  of  the  bacillus,  and  averaging  the  re- 
sults, it  would  appear  that  the  typhoid  bacillus  occurs  in  the  urine 
in  about  16  per  cent  of  cases. 

At  the  typhoid  observation  station  at  Idar,  Lentz  (1905)  found 
that  4 per  cent  of  all  cases  observed  became  chronic  typhoid  bacillus 
carriers.  He  gives  in  tabulated  form  the  results  obtained  at  the 
other  typhoid  observation  stations,  which  show  quite  a marked  vari- 
ation. Averaging  the  results  obtained  by  Lentz  (1905),  Klinger 
( 1906),  and  von  Drigalski  ( 1906),  we  find  that  of  1782  cases  of  typhoid 
fever  53,  or  about  3 per  cent,  became  chronic  carriers. 

An  explanation  of  the  long  existence  of  the  typhoid  bacillus  in  the 
stools  is  to  be  found,  at  times,  in  chronic  typhoid  ulcerations,  but 
more  commonly  in  the  infection  of  the  gall  bladder  with  this  bacillus. 

Nieter  and  Lief  man  (1906)  report  a case  which  is  of  interest  in  this 
connection.  In  the  course  of  an  investigation  of  the  cause  of  the 
persistent  occurrence  of  cases  of  dysentery  and  typhoid  fever  in  a 
certain  insane  asylum  they  found  amongst  others  a case  of  chronic 
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dysentery  from  whose  discharges  they  isolated  the  typhoid  bacillus. 
Shortly  after  this  she  died,  and  at  necropsy  there  was  found,  besides 
a chronic  catarrh  of  the  lower  intestine,  many  typical  old  typhoid 
ulcerations  in  the  small  intestine.  The  gall  bladder  was  full  of 
small  and  large  gall  stones  and  the  typhoid  bacillus  was  found  not 
only  in  the  small  intestine  but  in  pure  culture  in  the  gall  bladder. 

The  typhoid  bacillus  enters  the  gall  bladder  from  the  blood.  In 
the  gall  bladder  it  finds  the  bile  a satisfactory  medium  in  which  to 
live  and  multiply,  which  it  may  do  for  years,  and  with  which  it  is 
discharged  in  variable  numbers  into  the  small  intestine.  In  the  gall 
bladder  it  may  give  rise,  as  in  the  case  above  cited,  to  gall-stone 
formation  and  to  cholecystitis  of  varying  degrees  of  intensity. 

Several  interesting  and  valuable  contributions  on  this  phase  of  the 
subject  have  been  made,  among  which  may  here  be  mentioned  those 
of  Blachstein  (1891),  Welch  (1891),  Dupre  (1891),  Gilbert  and 
Girode  (1893),  von  Dungern  (1897),  Cushing  (1898),  Miller  (1898), 
Droba  (1899),  Hunner  (1899),  Brion  (1901),  Blumenthal  (1904), 
Forster  and  Kayser  ( 1905),  Doerr  ( 1906),  and  Spartaco  Minelli  ( 1906). 

The  long  persistence  of  the  typhoid  bacillus  in  the  urine  is  usually 
associated  with  more  or  less  marked  cystitis,  as  in  the  cases  reported 
by  Blumer  (1895),  Houston  (1899),  and  Busing  (1902).  The  bacilli 
may  find  their  way  into  the  urinary  bladder,  as  Kurth  (1901)  suggests, 
by  wandering  from  the  anus  to  the  meatus  urinarius,  especially  in 
women,  or  perhaps  by  penetrating  the  recto-vesical  septum,  as  sug- 
gested by  Blumer  (1895);  but  during  the  febrile  period  of  the  disease 
they  most  commonly  pass  from  the  blood  through  the  kidneys.  In 
the  bladder  they  multiply  and  are  usually  found  in  enormous  numbers 
in  the  voided  urine. 

It  may  be  of  interest  to  cite  from  the  literature  a few  additional 
instances  illustrating  the  dangerous  character  of  bacillus-carriers. 

Walker  (1900)  reports  the  case  of  a yeoman  returned  from  South 
Africa  after  an  attack  of  typhoid  who,  by  infecting  a well,  caused  12 
cases  of  the  disease. 

Allbutt  (1901)  reports  an  exceedingly  interesting  and  instructive 
observation:  A convalescent  from  typhoid  went  from  Liverpool  to 
visit  a kinsman  on  a distant  and  isolated  farm.  Shortly  after  his 
arrival  a servant  was  taken  sick.  Several  weeks  after  recovering 
from  her  attack  this  woman  went  to  serve  at  another  place  at  some 
distance  from  the  first.  Some  weeks  later  a case  of  typhoid  devel- 
oped on  the  latter  farm. 

Donitz  (1903)  mentions  the  case  of  a woman  who  was  discharged 
from  the  hospital  recovered  from  an  attack  of  typhoid  in  November. 
In  the  following  June  her  husband  developed  the  disease,  and  exam- 
ination showed  the  wife  to  be  discharging  the  typhoid  bacillus  in  her 
urine. 
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He  mentions  another  instance  in  which  one  girl  probably  contracted 
the  infection  from  another  with  whom  she  shared  her  bed ; her  com- 
panion was  found  to  have  the  bacilli  in  her  urine.  ‘ 

Friedel  (1906)  gives  an  account  of  a series  of  outbreaks  of  typhoid 
in  an  insane  asylum  which  he  traced  to  an  imbecile  helper  in  the 
kitchen  of  the  institution.  In  all,  63  cases  were  produced  by  this 
woman  who  had  been  in  the  asylum  six  }^ears,  and  had  not  been 
known  to  have  had  the  disease,  but  who  was  found  with  the  bacilli 
in  her  feces. 

He  speaks  also  of  a woman  who,  during  the  first  six  weeks  of  her 
convalescence  from  an  unrecognized  attack  of  typhoid,  caused  11 
cases  of  the  disease  in  members  of  her  family.  At  the  end  of  this 
time  she  was  found  to  be  discharging  the  bacilli  in  her  urine. 

Liebetrau  (1906)  reports  the  case  of  a woman,  K , who  had 

typhoid  from  January  17  to  the  end  of  Februar}^,  1905.  Fecal 
examination  as  late  as  October,  1905,  showed  her  to  be  still  discharg- 
ing typhoid  bacilli.  In  April,  1905,  the  woman  K went  to  live 

at  the  house  of  O , where  she  remained  till  July  10.  Two  mem- 
bers of  the  family  of  O were  taken  sick  in  June,  and  a third 

about  a month  after  K left  the  house.  The  last  case  was  prob- 

ably infected  by  contact  with  one  of  the  former  cases.  The  woman 

K , therefore,  may  be  regarded  as  having  caused,  in  all,  three 

cases  of  the  disease  within  a comparatively  short  period. 

More  instances  could  be  cited;  but  it  is  believed  that  the  above  will 
sufficiently  indicate  the  serious  menace  which  typhoid  bacillus 
carriers  are  to  the  public  health. 
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Table  showing  frequency  of  typhoid  hacilluria. 


Date. 

Reported  by — 

. 

Number 

cases 

studied. 

Number 
cases  B. 
typhosus 
present. 

Percent- 
age cases 
B.  typho- 
sus 

present. 

1881 

Bouchard 

65 

21 

32.00 

1886 

Seitz 

7 

2 

28. 00 

1886 

Hueppe 

1 18 

1 

6.00 

1887 

Chantemesse  and  Widal 

2 

0 

.00 

1887 

Berlioz 

14 

2 

14. 00 

1888 

Neumann 

25 

6 

26.00 

1888 

KonjajefI 

i 20 

3 

15. 00 

1890 

Neumann 

' 48 

11 

23.00 

1890 

Karlinski 

44 

21 

48.00 

1892 

Silvestrini 

7 

7 

100.00 

1892 

Stenbeck 

2 

2 

100, 00 

1892 

Enriquez 

12 

7 

60.00 

1892 

Poniklo 

1 

1 

100. 00 

1894 

Borges 

10 

1 

10. 00 

1895 

Baart  de  la  Faille 

27 

4 

15.  00 

1895 

Wright  and  Semple 

7 

6 

85.00 

1897 

Horton-Smith* 

7 

3 

43.  00 

1897 

Besson 

33 

6 

18. 00 

1897 

Levy  and  Gissler* 

22 

10 

45.00 

1898 

Petruschky* 

50 

3 

6. 00 

1898 

Richardson* 

38 

9 

24.00 

1899 

Richardson* 

66 

14 

21.00 

1899 

Horton-Smith* 

12 

4 

33. 00 

1899 

Schichold* 

17 

5 

29. 00 

1900 

Horton-Smith* 

39 

11 

28.00 

1900 

Neufeld* 

12 

3 

25.  00 

1901 

Cole* 

49 

17 

35.00 

1901 

Kurth* 

45 

5 

11.00 

1901 

Hayaschikawa* 

9 

5 

55.  00 

1901 

Schuder* 

22 

5 

23. 00 

1901 

Vincent* 

46 

9 

20.00 

1901 

Levds* 

45 

1 

2.00 

1902 

BUss 

311 

31 

10.  00 

1902 

Fuchs* 

41 

4 

10.  00 

1902 

Jacobi* 

35 

7 

20. 00 

1903 

Lesieur* 

15 

7 

47.  00 

1904 

Herbert* 

98 

18 

18.  00 

1904 

Stefanelli  and  Gumbo* 

21 

7 

33.00 

1905 

Fornaca  and  Meille* 

19 

1 

8 

41. 00 

1906 

Vas* 

26 

6 

23.00 

1906 

Olbrich* 

10 

3 

30.  00 

1906 

Brown* 

15 

8 

53.00 

1906 

Brion  and  Kayser* 

48 

12 

25. 00 

1906 

Drigalski* 

546 

32 

6. 00 

2,004 

348 

17.  39 

* Denotes  studies  of  cases  taken  at  random  since  the  introduction  of  agglutination  test. 
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THE  LOxXGEVITY  OF  B.  TYPHOSUS  OUTSIDE  OF  THE  HUMAN 

BODY. 


By  A.  M.  Stimson, 

Assistant  Surgeon  Public  Health  and  Marine- Hospital  Service. 


The  important  question  in  relation  to  this  subject  is,  ‘^Can  the  bacil- 
lus remain  viable  and  purulent  outside  of  the  human  body  and  under 
natural  conditions  long  enough  to  transmit  the  infection  from  man  to 
man  by  means  other  than  by  direct  contact  V’  This  is  easil}^  answered 
positivel}^,  but  the  subquestions  of  how  long,  and  in  what  media,  and 
under  what  conditions  it  may  do  so,  are  not  so  simple  of  solution. 

Much  evidence  is  adduced  to  throw  light  upon  these  questions 
from  epidemiological  observations  and  deductions,  but  in  the  follow- 
ing discussion  only  such  of  this  evidence  as  is  supported  by  bac- 
teriological demonstration  will  be  presented.  Purely  bacteriological 
expernnents,  on  the  other  hand,  are  of  value  only  when  the  conditions 
at  least  approximate  the  natural,  and  the  greatest  weight  should  be 
given  those  which  do  so,  and  at  the  same  time  conform  to  the  strictest 
scientific  methods.  Unfortunately  such  cases  will  be  found  to  be 
comparatively  rare  ui  the  literature  of  the  subject.  An  ideal  experi- 
ment of  this  nature  involves  the  following  three  principal  steps: 
(1)  Maintaining  the  chosen  medium  (water,  soil,  food,  etc.)  inocu- 
lated with  B.  typhosus  under  conditions  sunulating  the  natural,  (2) 
isolating  with  certainty  any  ty^phoid-like  organism  from  the  medium 
after  exposure,  and  (3)  identif^dng  the  organism  isolated  as  surely 
B.  tyq)hosus,  including,  if  possible,  a quantitative  estimation. 

Most  of  the  work  reported  fails  in  one  or  more  of  these  steps. 
Failure  in  step  1 gives  obviously  misleading  results.  In  step  2 the 
failure  to  isolate  the  bacillus,  if  present,  gives  a shorter  longevity 
than  really  obtains.  The  failure  to  completely  identify  the  organism 
in  step  3 invalidates  the  entire  experiment.  In  the  present  state  of 
bacteriology,  step  3 can  be  completel}^  controlled  by  specific  cross- 
agglutination  and  Pfeiffer’s  reaction,  but  step  2 unfortunately  still 
fails  of  satisfactory  technical  methods. 

To  show  how  complex  experimental  investigation  along  these  lines 
becomes,  and  in  explanation  of  the  diverse  results  of  different  observ- 
ers, some  of  the  influences  to  be  reckoned  vdth  are  given: 

1.  The  medium  itself:  As  to  its  chemical,  bacterial,  and  protozoan 
content,  qualitative  and  quantitative.  The  amount  of  medium  used 
also  has  a bearing  upon  the  results. 
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2.  The  container:  As  to  its  effect  on  the  contained  medium  in 
influencing  its  temperature,  chemical  composition,  etc.  Vessels  of 
certain  kinds  of  glass  affect  the  chemical  nature  of  contained  fluids. 

3.  Exposure:  (1)  To  light,  whether  sunlight,  diffuse  or  artificial 
light;  (2)  to  heat  of  various  degrees;  (3)  to  air  or  other  gases;  (4) 
to  moisture,  and  (5)  to  shaking  or  motion.  Fluctuations  or  inter- 
mittence  of  exposure  are  also  important. 

4.  The  bacteria  used  for  inoculation:  (1)  As  to  the  strain  used, 
whether  recently  isolated  or  not;  (2)  the  number  added  relatively  to 
the  bidk  of  medium  used,  and  (3)  the  amoimt  of  nutrient  material 
added  at  the  same  time,  mtentionallv  or  otherwise. 

5.  The  methods  of  isolation  and  identification  used. 

6.  The  method  of  recording  results. 

7.  The  personal  equation  of  the  experimenter. 

W have  no  original  work  to  report  on  the  longevity  of  B.  typho- 
sus, but  have  attempted  to  ascertain  what  results  of  value  have  been 
obtained  by  others.  The  classical  articles  referred  to  in  text-books 
and  compilations  too  often  turn  out  on  examination  to  be  quite  value- 
less from  the  standpoint  of  to-day. 

Longevity  in  water. — Many  of  the  earlier  investigators  of  this  sub- 
ject used  sterilized  water  in  order  to  avoid  the  difficulties  of  subse- 
quent isolation.  Practically,  no  one  cares  what  the  viability  in 
sterile  water  may  be,  as  this  is  not  foimd  in  nature  in  civilized  regions. 
Many  others,  not  only  of  the  early,  but  also  of  recent  experimenters 
either  employed  inadequate  methods  or  failed  to  report  their  teclmic, 
so  that  their  results  must  be  thrown  out  ff  reliable  conclusions  are  to 
be  reached. 

It  might  be  mentioned  here  that  quite  enough  instances  of  the 
isolation  of  B.  typhosus  from  naturally  uifected  waters  are  at  hand 
to  prove  bacteriologically  its  occurrence  therein.  They  seldom 
throw  much  light  upon  the  length  of  tune  that  it  may  remain  there 
viable.  The  follovdng  case,  reported  by  Kubler  and  Xeufeld  (1899), 
is  of  great  importance  in  tliis  connection.  In  1898  they  isolated  B. 
t;\'phosus  from  a well  which  had  been  infected  by  wasliings  from  the 
chamber  used  by  a typhoid  patient.  The  organism  was  identified 
culturally  and  by  specific  agglutination  and  Pfeiffer’s  reaction.  One- 
fifth  ose  was  pathogenic  to  a 300  gm.  guinea  pig  intraperitoneally 
injected.  Four  weeks  later  they  again  isolated  a similar  organism 
from  the  same  well,  lacking  only  the  pathogenic  property  for  guinea- 
pigs.  They  were  able  to  exclude  reinfection  of  the  well  during  the 
meantime,  as  the  dejecta  were  carefully  disinfected  for  three  weeks 
before  the  first  specimen  was  taken,  and  thereafter.  Critically 
examined,  howewer,  the  possibility  of  washings  from  the  polluted 
ground  having  entered  the  well  in  the  time  between  the  examina- 
tions could  not  be  excluded,  and  we  can  only  assume  from  this  case 
that  in  that  often-occurring  natural  combination  of  earth  and  water 
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the  bacillus  may  remain  viable  at  least  four  weeks  imder  natural 
conditions. 

A somewhat  similar  case  is  reported  by  Stroezner  (1905),  who 
isolated  B.  typhosus  from  a well  four  or  five  weeks  after  the  falling 
sick  of  the  third  and  last  case  in  the  house  supplied  by  it.  During 
the  sickness  of  this  last  case  the  dejecta  were  disinfected.  Identifi- 
cation of  the  organism  was  complete.  The  possibility  of  continued 
infection  from  the  soil  applies  equall}^  as  much  as  in  the  previous  case. 

Tavel  (1903)  cites  a case  where  apparently  the  water  of  a public 
supply  became  infected  in  the  pipes,  from  negative  pressure  caused 
by  the  varying  level  of  the  system,  and  remained  infective  for  sev- 
eral months  in  a stagnant  terminal.  In  a single  house  supplied  b}^  a 
private  pipe  arising  50  cm.  from  the  end  of  this  terminal,  t}q)hoid 
cases  recurred  long  after  the  epidemic  in  the  tovm  had  subsided. 
The  town  epidemic  occurred  in  the  latter  half  of  October,  and  no 
cases  occurred  there  subsequently.  In  the  house  mentioned,  how- 
ever, cases  kept  occurring,  the  first  on  October  30,  and  then  as  fol- 
lows; December  7 and  9,  March  16,  and  April  4,  8,  and  29.  On 
April  30  the  blind  terminal  was  exposed  and  opened,  and  a specimen 
of  the  slimy  water  .was  sent  to  the  laboratory,  where  the  typhoid 
organism  was  found  in  it  a few  days  later.  Identification  of  the 
organism  was  complete.  In  this  very  important  contribution  no 
definite  period  of  longevity  is  arrived  at,  but  the  evidence  is  very 
strong  that  the  water  of  this  terminal  remained  infected  for  about 
five  months.  The  fact  that  no  subsequent  cases  appeared  in  the 
tovm  would  seem  to  exclude  continued  infection  at  the  original  site. 
The  house  was  located  at  the  lower  part  of  the  tovm,  where  negative 
pressure  and  reinfection  from  that  source  did  not  occur.  It  must  be 
admitted,  however,  that  contact  infection  is  competent  to  explain 
the  persistence  of  t^’phoid  in  this  house. 

Approaching  the  c[uestion  from  a purely  experimental  side,  Konradi 
(1904),  working  in  1901,  obtained  most  remarkable  results,  which 
differ  radically  from  those  of  most  observers.  His  methods  are  not 
given  in  his  report.  He  states  that  under  certain  conditions  the 
pathogenic  organisms  outgrow  the  saprophytes  in  water.  In  tap 
water  inoculated  with  typhoid  spleen  the  typhoid  bacillus  was  still 
living  after  four  hundred  and  ninety-nine  days  at  room  temperature 
and  five  hundred  and  forty-two  days  at  body  temperature.  When 
typhoid  culture  was  added  to  the  water,  the  figures  were  four  hundred 
and  ninety  and  four  hundred  and  twenty  days,  respectively.  In  the 
absence  of  any  account  of  the  methods  employed,  little  weight  can  be 
given  to  these  results.  Fehrs  explains  this  extraordinary  longeHty 
by  the  fact  or  supposition  that  considerable  nutrient  material  was 
added  at  the  same  time  with  the  bacteria,  as  it  certainlv  must  have 
been  when  spleen  pulp  was  UBed  for  inoculation. 

Pfuhl  (1902)  found  the  bacillus  alive  after  twenty-six  days  in 
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unsterilized  tap  water  at  the  temperature  of  wells,  7°-10°,  using  100  cc. 
specimens  in  glass  vessels.  He  could  not  find  it  after  thirty-one  days 
or  later. 

Hoffmann  (1905)  gives  interesting  results  of  experiments  in  aqua- 
rium water.  The  aquarium  contained  30  liters  of  tap  water  and  was 
inhabited  by  snails,  fish,  and  water  plants.  The  bacterial  count  of  the 
water  before  inoculation  was  60,000  per  cubic  centimeter.  Enough 
bouillon  culture  was  added  to  give  300,000  typhoid  bacilli  per  cubic 
centimeter  immediately  after  inoculation.  The  aquarium  was  so  placed 
as  to  be  exposed  to  direct  sunlight  for  some  hours  daily.  B.  typhosus 
could  be  recovered  after  thirty-six  days  from  the  water,  and  after 
two  months  from  the  mud.  His  methods  were  good.  This  experi- 
ment is  of  value  in  teaching  that  the  action  of  protozoans  in  destroy- 
ing t3rphoid  bacillus  is  less  to  be  counted  on  than  the  experiments  of 
Huntemtiller  (1905)  and  Fehrs  (1906)  would  indicate.  These  inves- 
tigators did  not  make  use  of  special  methods  for  the  isolation  of  the 
bacillus  as  Hoffmann  did.  Hoffmann  found  many  protozoans  present 
in  the_water  of  his  aquarium,  but  if  they  were  responsible  for  the 
disappearance  of  B.  typhosus,  their  action  was  much  too  slow  for 
sanitary  purposes.  Another  point  of  value  is  the  longer  viability  in 
the  mud  than  in  the  water  itself.  Fehrs  does  not  attempt  to  ascertain 
the  absolute  longevity  of  B.  t}^phosus,  but  shows  that  the  addition  of 
protozoa  to  boiled  water  inoculated  with-B.  typhosus  reduces  the 
viability  from  forty-six  to  sixty  days,  to  thirteen  to  nineteen  days. 

Jordan,  Russell,  and  Zeit  (1904)  attempted  to  simulate  the  natural 
conditions  by  suspending  permeable  sacs  containing  water  inoculated 
with  B typhosus  in  natural  bodies  of  water.  These  sacs  v/ere  sup- 
posed to  be  impermeable  to  bacteria  themselves  but  to  permit  the 
exchange  of  their  dialyzable  products.  The  methods  of  isolation  and 
identification  employed  were  of  the  most  modern  description.  They 
concluded  that  competing  organisms  in  the  water  soon  outgrew  the 
specific  bacterium,  especially  in  polluted  waters  and  sewage.  In 
Lake  Michigan  water  the  bacillus  was  recovered  only  up  to  seven 
days;  in  Chicago  River  water,  heavily  polluted,  three  days;  in  the 
drainage  canal  on  the  first  and  second,  and  in  one  instance  on  the 
tenth  day;  in  the  Illinois  River,  three  days.  Russell  and  Fuller 
(1906)  employing  similar  methods  arrived  at  corresponding  results, 
recovering  the  bacillus  from  Lake  Mendota  water  after  ten  to  thirteen 
days,  during  which  the  temperature  varied  between  9°  and  23°  C. 
In’ sewage,  at  21°-29°,  the  organism  lived  but  three  to  five  days. 
They  also  made  experiments  which  tended  to  show  that  the  destruc- 
tion of  the  organism  depends  more  on  the  coincident  growth  of  the 
other  bacteria  than  on  the  influence  of  dialyzable  products.  While 
these  investigations  represent  a praiseworthy  attempt  to  copy  natural 
conditions,  there  seems  to  be  some  doubt  of  their  success  in  this 
direction,  inasmuch  as  in  the  series  of  Jordan,  Russell,  and  Zeit 
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some  of  the  experiments  were  made  in  ordinary  glass  containers,  and 
gave  admittedly  parallel  results  to  those  made  with  permeable  sacs. 
Again,  Johnson  (1905)  states  that  in  the  case  of  B.  coli  he  has 
demonstrated  the  possibility  of  the  escape  of  the  organism  through 
the  walls  of  the  sac  without  impairment  of  its  dialyzing  power.  He 
argues  a similar  or  more  active  escape  of  the  more  motile  B.  typhosus, 
and  contrasts  the  results  of  Frost  (1904)  with  those  just  now  cited. 

A fact  of  importance  in  the  case  of  water  epidemics  is  that  carbon- 
ated waters,  bottled  waters,  and  ‘‘soft  drinks”  made  from  the  infected 
water  are  as  dangerous  as  the  water  itself,  or  more  so,  because  they 
would  be  taken  with  less  caution  by  the  uninformed.  Pfuhl  (1902)  ' 
found  B.  typhosus  in  artificially  infected  seltzer  water  after  twenty- 
seven  days  when  it  was  kept  at  a temperature  of  7°  to  10°. 

For  the  benefit  of  those  who  wish  to  draw  deductions  from  experi- 
ments made  with  sterilized  water  under  laboratory  conditions  and 
with  methods  of  varying  excellence,  the  following  summary  of  the 
results  is  inserted.  As  they  give  but  a fragmentary  view  of  what 
were  in  some  instances  extended  observations,  the  original  sources 
must  be  examined  for  particulars. 
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Viability  in  feces,  soil,  cadavers,  etc.  Some  of  the  work  already 
reviewed  gives  instances  where  part  of  the  time  reported  as  the 
observed  period  of  longevity  in  water  must  be  attributed  to  soil. 
Levy  and  Kayser  (1903)  report  an  instance  of  natural  occurrence 
where  water,  excepting  the  moisture  of  rain,  etc.,  played  no  part.  The 
stools  of  a typhoid  patient  were  placed  in  a cemented  vault  between 
September  8 and  13, 1901.  As  the  patient  was  then  removed  to  another 
locality  for  treatment,  it  is  presumed  that  no  further  typhoid  infection 
of  the  vault  occurred.  The  contents  of  the  vault  were  removed  and 
placed  on  garden  earth  as  manure  on  February  6,  1902.  When  this 
became  known  to  the  local  physician,  he  took  specimens  of  the  soil  on 
which  the  feces  had  lain,  on  February  20,  and  sent  them  to  the  labora- 
tory, where  B.  typhosus  ’was  recovered  from  them.  No  doubt  of  its 
identity  exists,  as  it  agglutinated  with  specific  serum  in  a dilution  of 
1-5,000.  This,  it  will  be  noticed,  was  in  winter,  and  the  temperature 
of  the  soil  in  the  vicinity  varied  from  0°  to  4.2°  C.,  and  that  of  the 
atmosphere  from  —5.4°  to  -|-11.6°  C.  Before  we  accept  the  results 
of  this  case  without  reserve,  reinfection  of  the  soil  or  feces  after 
February  6 must  be  absolutely  excluded,  a manifest  impossibility, 
but  aside  from  this  imperfection  the  case  is  proof  of  the  existence  of 
B.  typhosus  in  feces  and  soil  for  at  least  five  months. 

Robertson  (1898)  experimented  vfith  soils  out  of  doors  and  under 
natural  conditions,  except  as  regards  inoculation,  which  was  vdth 
bouillon  culture  and  at  various  depths,  after  the  removal  of  the  grass. 
In  one  series  he  was  able  to  recover  the  organism  after  one  hundred 
and  forty-three  days,  but  could  not  do  so  a week  later.  The  period 
covered  was  from  May  to  October.  In  another  series  he  tried  to 
recover  it  after  about  three  months,  but  failed.  However,  by  enrich- 
ing the  soil  from  time  to  time  with  weak  beef  tea  or  other  organic  mat- 
ter he  succeeded  in  reviving  the  bacillus  and  isolated  it  from  the  same 
soil  after  nearly  a year  (eleven  months).  This  process  of  organic 
enrichment  is  paralleled  where  the  soil  around  a sink  drain  is  con- 
tinually moistened  by  seepage,  or  where  kitchen  waste  is  thrown  out 
on  the  ground.  His  method  of  isolation  did  not  include  enrichment 
processes,  but  identification  was  complete,  so  that  the  error,  if  any,  was 
in  the  direction  of  shortening  the  period  of  viability.  He  also  states 
that  the  bacilli  inoculated  at  a depth  of  18  inches  grew  to  the  surface, 
but  that  no  lateral  growth  could  be  demonstrated.  He  shows  also 
that  sunlight  has  only  a superficial  effect,  as  the  bacillus  was  found  at 
a depth  of  only  one-sixteenth  inch  in  some  cases.  In  a later  report 
he  expresses  the  opinion  that  the  bacillus  dies  out  in  the  superficial 
layers  of  the  soil  during  the  winter  but  that  the  deeper  layers  remain 
able  to  reinfect  the  surface  with  the  advent  of  w^arm  weather.  He 
states  also  that  the  baciUus  dies  out  quickly  in  grass-covered  surfaces. 

Firth  and  Horrocks  (1902)  worked  with  blocks  of  earth  cut  from 
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natural  fields,  gardens,  etc.,  and  placed  on  a veranda  exposed  to  cold 
and  light.  In  some  instances  the  samples  were  moistened  with  rain 
water  proportionately  to  the  precipitation  at  the  time.  Their  experi- 
ments were  very  numerous  and  can  not  be  given  here  in  full,  but  the 
following  are  some  of  their  important  findings.  Inoculating  the  soil 
with  an  emulsion  of  typhoid  bacilli  free  from  nutrient  material,  and 
keeping  it  moist  with  rain  water,  they  were  able  to  recover  the  bacillus 
up  to  the  sixty-seventh  day,  and  up  to  the  fifty-fifth  day  even  when 
the  ground  had  been  frozen  part  of  the  time  and  the  average  tempera- 
ture was  9°  C.  Using  sterilo  dilute  sewage  for  moistening,  this  period 
was  increased  to  seventy-four  days  at  an  average  temperature  of 
17.7°  C.  Using  the  soil  from  around  a drain  inoculated  with  the 
emulsion  as  before  and  moistened  with  raw  sewage  (free  from  B. 
typhosus),  the  organism  was  recovered  after  sixty-five  days,  although 
the  ground  had  been  frozen  for  several  days.  In  soil  fouled  by  sewage 
and  kept  from  air  and  light  the  bacillus  lived  forty-five  and  fifty-three 
days,  respectively,  in  different  experiments,  freezing  having  occurred 
during  the  former.  In  peat  kept  moist,  the  bacillus  lived  only  ten  or 
eleven  days,  in  fine  sand  kept  moist  only  thirteen  days.  In  dried  soils 
the  bacillus  did  not  persist  as  long  as  in  moist,  but  lived  twenty-five 
days  after  the  completion  of  the  drying  to  such  consistency  as  to  be 
blown  about  as  dust.  Under  the  influence  of  flooding  the  bacillus 
penetrated  the  intact  earth  to  a depth  of  18  inches  but  not  of  2 feet. 
The  soil  was  closely  packed.  To  determine  the  influence  of  sun- 
shine, infected  soil  was  exposed  to  this  agent  and  the  bacillus  isolated 
from  it  after  twenty  days,  during  which  it  had  received  direct  sun- 
shine for  one  hundred  and  twenty-two  hours.  Only  the  superficial 
layers  were  examined. 

Pfuhl  (1902)  succeeded  in  demonstrating  a viability  of  88  days  in 
moist  earth  at  a temperature  of  1.5°  to  15°  C.  In  dry  sand,  however, 
it  lived  but  twenty-eight  days. 

' Martin  (1899-1900)  found  a shorter  period  of  viability,  but  his 
methods  of  isolation  were  not  very  searching.  He  apparently  reports 
finding  it  after  fifty  days  on  one  occasion  in  moist  or  flooded  soil,  but 
repudiates  this  finding  in  a subsequent  report.  Where  very  little 
moisture  was  present  and  the  temperature  varied  from  2°  to  12°  C., 
it  was  found  after  twelve  days,  but  was  absent  after  twenty  days. 
The  same  observer  was  able  to  isolate  it  from  sterilized  soil  after 
four  hundred  and  fifty-six  days. 

Klein  (1898-99)  attempted  to  determine  the  longevity  of  B.  typhosus 
in  buried  cadavers,  using  guinea  pigs  killed  by  intraperitoneal  injec- 
tions of  typhoid  cultures.  On  exhumation,  the  washings  of  the 
peritoneum  were  examined  for  the  bacillus.  In  animals  buried  in  sand, 
he  was  unable  to  find  the  organism  after  fourteen  days,  although  he 
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found  it  at  that  time  in  one  buried  in  ordinary  earth.  He  could  not 
find  it  at  all  after  twenty  days. 

Loesner  (1896),  however,  working  with  the  bodies  of  swine,  found 
the  bacillus  after  ninety-six  days  in  one  case.  In  this  instance  the 
spleen  of  a t5rphoid  patient  was  placed  in  the  cadaver,  and  this 
wrapped  in  cloth  and  inclosed  in  a wooden  box  was  buried  1.5 
meters  deep  in  sandy  loam.  Winter  conditions  prevailed  during  the 
experiment.  Loesner  noted  no  tendency  to  infect  the  surrounding 
soil. 

Gartner  (1898)  found  that  B.  t}^hosus  could  live  in  loosely  packed 
manure  for  ten  days  at  a low  temperature,  3-5°  C.,  but  disappeared 
more  quickly  at  higher  temperatures  and  in  closely  packed  manure. 

Concerning  the  possibility  of  B.  typhosus  living  in  dried  earth 
capable  of  being  blovm  about  as  dust  much  has  been  vTitten,  Ger- 
mane (1897)  deducing  from  his  experiments  that  conve3^ance  by 
these  means  is  unlikety.  His  methods,  however,  do  not  bear  strict 
scrutiny,  and  the  work  of  Firth  and  Horrocks  above  referred  to 
shows  the  possibility  of  such  a means  of  transmission. 

Harrison  and  Harrison  (1904),  in  India,  under  conditions  which 
would  seem  especially  inimical  to  B.  typhosus  and  using,  as  they 
observe,  rather  inadequate  methods  of  isolation,  showed  that  in 
absolutely  dry  dust  exposed  to  diffuse  light  the  bacillus  lived  one 
hundred  and  eighteen  hours.  Exposed  to  sunlight  it  lived  seventy- 
seven  hours,  during  which  time  it  was  exposed  to  direct  sunlight 
for  twenty-three  hours.  The  dust  was  sterilized  to  avoid  difficulty 
in  isolating  the  organism,  but,  as  the  authors  state,  in  an  absolutely 
dr}^  condition  competitive  organisms  could  have  but  little  influence. 
The};"  conclude  that  in  India,  at  least,  the  dust  is  a possible  and 
likely  medium  of  transfer  of  t}q)hoid  fever. 

Concerning  the  infection  of  growing  vegetables  by  polluted  soil, 
Wurtz  and  Bourges  (1901)  have  demonstrated  by  the  following 
methods  that  it  may  occur.  Pots  of  earth  were  planted  with  the 
seeds  of  cress,  lettuce,  and  radishes,  and  the  earth  sprinkled  with 
water  containing  B.  typhosus.  The  tips  of  the  resulting  plants' 
leaves  were  then  examined  from  time  to  time  and  the  bacillus  con- 
stantly found  up  to  three  weeks  after  inoculation  of  the  soil. 

Some  of  the  results  with  sterilized  media  are  appended,  with  the 
observation  that  they  do  not  pretend  to  reflect  natural  conditions. 
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Table  II. 


Author. 


Date. 


Medium. 


Tempera- 

ture. 


Found. 


Days. 


Dempster 

Karlinski. 

Uffelmann 

Rullmann. 

Martin 

Horrocks. 


1894 

1891 

1894 

1901 


1899 

1900 

1899 


Dry  soil « 

Moist  soil  a 

Sterilized  earth 18 

Sterilized  garxien  earth Room. 

Sterilized  white  sand 

Sterilized  earth  and  various  organic  sub-  

stances. 

Sterilized  mortar  sand 

Sterilized  dried  earth 


jMoist  soil 


3-37 


Dry  soil 

Sterilized  sewage 

Sterilized  sewage+B.  coli 


16-22 


9-14 

23-42 

&3 

21 

82 

6&-16 

H2 

618 

456 

(^) 

5 

60 


a Various  soils. 


6 Months. 


c Short  time. 


Viability  in  shellfish  and  sea  water. — Wliile  the  unmistakable 
tracing  of  many  cases  of  typhoid  infection  to  the  eating  of  shellfish 
has  called  forth  much  laborator}^  investigation,  very  little  of  the 
reported  work  can  be  accepted  without  doubts,  as  either  the  methods 
were  manifestly  unreliable  or  there  was  an  unfortunate  failure  to 
state  what  procedures  were  employed.  Foote  (1895)  examined 
oysters  and  found  no  bacteria  present  which  could  be  confused  with 
the  typhoid  bacillus.  He  consequently  assumed  that  anything  iso- 
lated subsequent  to  inoculation  with  B.  typhosus  and  corresponding 
culturally  must  be  that  organism.  Oysters  were  inoculated  between 
their  shells  by  means  of  a syringe  and  kept  at  50°-65°  F.,  in  a heap. 
An  organism  corresponding  culturally  to  B.  typhosus  was  isolated 
from  the  shell  juice  after  twenty-eight  days,  from  the  stomach  after 
eight  days  but  not  after  twelve  days.  Sea  water  taken  from  an 
oyster  bed  and  kept  in  liter  flasks  still  contained  the  organism  ten 
days  after  inoculation,  when  observation  was  terminated  by  the 
breaking  of  the  containers  through  the  freezing  of  their  contents. 
Kept  at  room  temperature  in  sea  water  it  could  be  recovered  after 
seventeen  days,  not  after  twenty-one.  Of  course  the  imperfect 
technic  impairs  the  value  of  these  experiments.  Wood  (1896) 
attacked  the  question  by  adding  to  sterilized  sea  water  such  organ- 
isms occurring  in  sea  water  as  could  not  be  mistaken  for  the  typhoid. 
He  then  added  B.  typhosus,  and,  keeping  the  water  at  a temperature 
varying  from  4°  to  20°  C.,  recovered  the  bacillus  after  three  months. 
It  is  interesting  as  evidencing  the  lack  of  influence  of  the  salts  of  sea 
water  upon  this  organism  that  it  was  recoverable  from  sterilized  sea 
water  after  at  least  six  months. 
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The  positive  results  reported  by  Field  (1903-4)  are  of  some  value, 
as  his  identification  of  the  organism  isolated  was  complete,  while  the 
negative  findings  can  not  be  given  much  weight,  as  no  special  means 
were  employed  to  recover  the  B.  typhosus.  His  results  for  oysters 
allowed  to  remain  in  infected  sea  water  showed  a viability  of  nine 
days  in  shell  water  and  a negative  result  in  fourteen  days;  for  oysters 
placed  in  new  sea  water  after  infection,  forty-eight  hours,  not  longer; 
for  sea  water  itself  six  to  eight  days.  TFood  and  Klein  unfortunately 
omit  a description  of  their  methods  in  such  reports  as  we  have  been 
able  to  consult,  but  Wood  (1896)  gives  a viability  in  imsterilized  sea 
water  of  three  months  at  various  temperatures  from  4°  to  20°  C. 
Klein  (1905)  reported  that  infected  oysters  kept  in  sea  water  con- 
stantly changed  retained  the  bachlus  six  to  seven  days  as  a rule; 
kept  dry,  eleven  days.  Other  shell  fish  retained  it  much  longer. 

ViaMlity  in  dairy  products. — The  work  of  Bruck  (1903)  is  of  great 
interest  in  this  connection.  This  observer  followed  in  all  his  experi- 
ments conditions  which  obtain  in  the  ordinarv  handlinof  of  dairv 
products.  He  took  ordinary  milk  from  the  dealers  and  infected  it 
Avith  B.  typhosus.  He  then  separated  the  cream  in  the  centrifugal 
machine  commonly  used  for  that  purpose  and  found  that  it  con- 
tained the  organism  not  only  immediately  after  separation  but  con- 
tinued to  do  so  for  ten  davs.  Others  have  shown  that  centrifugation 
of  milk  does  not  precipitate  all  of  the  bacteria  to  the  slime  layer,  but 
allows  many  to  remain  in  the  cream — more,  even,  than  in  the  skim 
milk.  (Bassenge.)  From  another  portion  of  tliis  cream  he  manu- 
factured butter,  from  which  he  could  still  obtain  B.  typhosus  up  to 
the  twenty-seventh  day,  but  not  on  the  twenty-eighth  or  later.  The 
buttermilk  retained  the  bacillus  only  ten  days.  There  even  appeared 
to  be  some  growth  of  the  organism  in  butter  for  the  first  few  davs. 
He  then  demonstrated  that  bv  rinsing  the  churn  with  infected  water 
the  butter  made  therein  could  be  infected,  a fact  which  would  hardly 
seem  to  call  for  proof.  His  methods  throughout  appear  to  be  of  the 
best. 

Pfuhl  (1902)  after  inoculating  imsterilized  milk  found  that  the 
bacillus  was  demonstrable  after  thirteen  days,  but  does  not  state 
when  negative  results  were  obtained.  In  butter  it  lived  twenty-four 
but  not  twenty-six  days,  and  for  Gervais  cheese  the  same  figures  are 
given. 

Concerniug  the  viability  in  milk,  raw  and  sterilized,  much  might  be 
adduced,  but  it  is  well  known  that  milk  is  ordinarily  used  long  before 
any  typhoid  bacilli  present  would  have  died  out. 

The  limiting  influence  appears,  according  to  Bassenge  (1903)  to 
be  the  acidity,  which  is  fatal  to  the  bacillus  within  twenty-foirr  hours 
after  reaching  0.3  to  0.4  per  cent. 
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Little  detailed  material  is  at  hand  concerning  other  kinds  of  food, 
but  Hesse  (1889)  working  vdth  sterilized  food-stuffs  found  that  21 
out  of  30  were  good  media  for  the  development  of  typhoid  bacilli. 

Viahility  on  fahncs,  clothing,  etc. — Parkes  (1903)  cites  a case  of 
natural  occurrence  controlled  bacteriolos^icallv,  which  shows  that 
B.  typhosus  may  remain  viable  and  virulent  on  blankets  for  six 
months.  These  blankets,  last  used  in  military  service  in  South 
Africa,  were  sold  under  emergency  vdthout  having  been  cleaned, 
and  some  of  them  found  their  way  to  the  training  ship  Cornwall  in 
the  Thames.  Am  outbreak  of  typhoid  occurring  on  the  ship,  some  of 
the  blankets  from  the  lot  received  from  South  Africa  were  sent  to 
Klein  for  bacteriological  examination,  and  he  found  the  B.  t}'y>hosus 
to  be  present.  The  period  of  time  from  the  use  of  these  blankets  to 
the  finding  of  the  bacillus  was  about  six  months.  Firth  and  Hor- 
rocks  (1902)  give  the  follovdng  results  of  their  observations  upon 
fabrics.  On  khaki  inoculated  'with  an  emulsion  of  typhoid  bacilli, 
dried  and  kept  at  an  average  temperature  of  54°  F.,  the  organism 
lived  seventy-four  days.  On  khaki  and  blue  serge  similarly  treated 
it  lived  eighty-seven  days.  On  khaki  drill  infected  with  liquid  stools 
and  kept  at  an  average  temperature  of  61°  F.  it  lived  only  seventeen 
days,  and  when  dry  stools  were  used  for  inoculation  it  lived  but  nine 
days.  Pfuhl  (1902)  says  that  dried  on  linen  it  lived  ninety-seven 
days,  while  Billings  and  Peckham  (1895)  state  that  dried  on  threads 
and  kept  dry  in  vacuo  it  was  still  living  after  two  hundred  and 
seven  days  and  kept  over  sulphuric  acid  after  two  hundred  and 
thirteen  days. 

Insects. — The  agency  of  insects  in  transmitting  t^'phoid  is  well 
known  from  epidemiological  observations,  and  this  is  also  demon- 
strable bacteriologically,  at  least  for  flies.  Firth  and  Horrocks  have 
shown  that  flies  may  carry  the  bacillus  and  infect  media,  and  give 
evidence  that  the  external  parts  and  not  the  excreta  harbor  it. 

• Hamilton  (1903)  captured  flies  which  had  visited  typhoid  dejecta  in  a 
sewer  traversing  an  infected  neighborhood  and  demonstrated  that  thev 
carried  the  bacillus.  Ficker  (1902-3)  attempted  to  determine  how  long 
the  bacillus  could  live  on  flies  infected  from  blotting  paper  soaked  in 
bouillon  culture,  and  found  that  it  could  survive  for  at  least  twenty- 
three  days.  Howard  (1900)  states  that  he  found  77  species  of  diptera 
on  feces,  of  which  number  36  bred  therein.  He  also  states  that  the 
house  fly  does  breed  in  human  feces,  although  preferring  horse  dung 
for  that  purpose. 

The  following  list  of  references  to  articles  having  more  or  less  bear- 
ing upon  the  longevity  of  B.  typhosus  is  appended  for  the  use  of  those 
who  wish  to  consult  the  original  sources.  Articles  referred  to  in  the 
foregoing  resume  are  indicated  by  an  asterisk. 
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Almquist,  Zeit.  Hyg.,  1890,  Till,  p.  137,  Milk. 

Almquist,  Zeit.  Hyg.,  1906,  p.  179,  Hung,  etc. 

Arb.  a.  d.  kais.  Ges.-Amt.,  see  recent  numbers. 

Arnspei-ger,  Schmidts  Jahrb.,  1905,  CCLXXXV,  p.  116. 

*Bassenge,  Deutsche  Med.  TVoch.,  1903,  p.  675,  Milk. 

Beck,  Arb.  a.  d.  kais.  Ges.-Amt.,  1906,  XXIY,  pp.  138-158,  Epidemic. 

Behla,  Klin.  Jahrb.,  1902-3,  X,  Milk. 

Billings,  Best.  M.  & S.  Jom'.,  1906,  CLIV,  pp.  569-575,  Epidemiology". 

* Billings  and  Beckham,  Science,  1895,  n.  s.,  I,  p.  169,  Light,  di-ying,  etc. 

Bitter,  Zeit.  Hyg.,  1890,  p.  240,  Milk. 

Bobrow,  Inaug.  Dissert.  Jurjew,  1893,  Water. 

Bolley  and  Field,  Cent.  Bakt.,  1898,  Abt.  ii,  lY,  24,  p.  881,  Milk,  etc. 

Bolton,  Zeit.  Hyg.,  1886,  p.  76,  Water. 

Bonhoff,  Cent.  Bakt.,  1903,  XXXIII,  6,  p.  461,  Isolation  from  water. 

Bordoni,  Hffreduzzi  e Zenoni,  Congresso  d’  igiene  di  Como,  1899,  Shellfish. 

Braem,  Zieg.  Beitr.  z.  path.  Anat.  u.  allg.  Path.,  1889,  7,  p.  11,  Y’ater. 

Braun,  Arch,  de  Med.  et  Phaim.  Militaire,  1906,  XLYII,  pp.  377-397. 

*Bruck,  Deutsche  med.  Woch.,  1903,  XXIX,  p.  460,  Milk. 

Buchanan,  J.  Poyal  San.  Inst.,  1904-5,  p.  463,  Shellfish. 

Buchner,  Cent.  Bakt.,  lY,  pp.  12-13. 

, Cent.  Bakt.,  1892,  XI,  25,  p.  781,  Light. 

— ^ , Arch.  Hyg.,  XYHI,  p.  179,  Light. 

Bulstrode,  Pep.  Loc.  GoW.  Board,  1903,  Oyster  epidemic. 

Cassedebat,  Ann.  Past.,  1890,  p.  625,  Water. 

Clark  and  Gage,  Ann.  Rep.  S.  B.  H.  Mass.,  1902,  p.  268,  YAter. 

Conn,  Cent.  Bakt.,  1902,  Abt.  ii,  YIII,  p.  442,  Milk. 

Dempster,  Brit.  Med.  Jour.,  1894,  Pt.  I,  p.  1126,  Soil. 

Di  Mattei  and  Stagnitta,  Ann.  del’  Inst,  d’  Igiene  Sper.,  1889,  I,  Water, 

Drigalski,  Cent.  Bakt.,  1903-4,  XXXY,  6,  p.  776,  Houses. 

Drigalski  and  Springfeld,  D.  Yiertljahrs.  f.  off.  Ges.-Pfl.  1906,  XXXAHII,  p.  17 
Epidem. 

Emmerich,  Zeit.  f.  LMters.  d.  Xahrgs.  u.  Genussm.,  1904,  YIII,  1,  Water. 

Emmerich  and  Gmund,  Miinch.  med.  YYch.,  1904,  1st  half,  25,  p.  1089,  Water. 
Engelmann,  Medicine,  1903,  IX,  p.  431,  Cockroaches. 

*Fehrs,  Hyg.  Rund.,  1906,  XYI,  3,  Water. 

Ficker,  Zeit.  Hyg.,  1898,  XXIX,  1,  Water. 

*  , Arch.  Hyg.,  1902-3,  XLYI,  p.  274,  Flies. 

, L’eber  Lebensdauer  u.  Absterben  y.  Path.  Keim.,  Leipzig,  1898. 

* Field,  Proc.  X.  Y^.  Path.  Soc.,  1903-4,  III,  pp.  161-166,  Seawater,  oysters. 

* Firth  and  Horrocks,  Brit.  Med.  Jour.,  1902,  Sept.  27,  p.  936,  Earth,  fabrics. 

Fischer,  Inaug.  Dissert.  Bonn,  1894,  Bile  media.  (Hyg.  Rund.,  1895,  610.) 

Fischer  and  Flatau,  Cent.  Bakt.,  1901,  XXIX,  8,  p.  329,  Isolation  f.  water. 

Flexner,  J.  Path,  and  Bact.,  Ill,  2. 

* Foote,  Med.  Xews,  1895,  Mar.  23,  p.  320,  Seawater,  oysteis. 

Frankel  and  Kister,  Miinch.  med.  Woch.,  1898,  XLY,  p.  197,  Buttermilk,  etc. 
Frankel  and  Klipstein,  Zeit.  Hyg.,  1893,  XY,  p.  333,  Torfmull. 

Frankland,  Lancet,  1886,  July  31,  Water. 

, Proc.  Roy.  Soc.,  Lond.,  1886,  Xo.  245,  Water. 

, Micro-organisms  in  water,  1894. 

, Zeit.  Hyg.,  1895,  XIX,  393,  Water. 

Frankland  and  Ward,  Proc.  Roy.  Soc.,  1892,  Yol.  51,  p.  183,  Water. 

Friedel,  Zeit.  med.  Beamte,  1905,  XYIII,  38M0,  Houses. 

Friedel,  Hyg.  Rund.,  1906.  XYI,  p.  5-21,  Epidemic. 

* Frost,  Jour.  Inf.  Dis,,  1904,  I,  4,  p.  o99.  Antagonism  to  B.  typhi. 
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Fuller,  Prov.  Med.  Jour.,  1904,  V,  39-48,  Oysters,  sewage. 

Gaffky,  Mitteil.  kais.  Ges.-Amt.,  1884,  II,  p.  390,  Feces. 

Gage,  Science,  1903,  n.  s.,  XVII,  p.  379,  Water,  temperature. 

Gartner,  Tiemann-Walter-Gartners  Handb.  d.  Unters.  u.  Beurt.  d.  AVasser,  1895,  4.  aufl. 

*  , Zeit.  Hyg.,  1898,  XXVIII,  Earth,  feces,  etc. 
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Hewlett,  Jour.  State  Med.,  1904,  XII,  p.  415-418,  Shellfish. 

, Jour.  State  Med.,  1905,  XIII,  p.  165-167,  Water. 

Hochstetter,  Arb.  a.  d.  kais.  Ges.-Amt.,  1887,  Bd.  II,  Water. 
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THE  ALLEGED  ROLE  OF  INTESTINAL  WORMS  AS  INOCULAT- 
ING AGENTS  IN  TYPHOID  FEVEIfr 


By  Ch.  Wardell  Stiles,®  Ph.  D.,  D.  Sc., 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Marine- Hospital  Service. 


SUMMARY. 

According  to  a theory  recently  advanced  in  France  intestinal  worms  (especially 
whipworms)  form  the  inoculating  agent  in  typhoid  much  in  the  same  way  that  fleas 
inoculate  bubonic  plague.  The  theory  is  based  upon  the  high  percentage  of  whip- 
worms reported  for  typhoid  cases  by  some  authors  and  upon  the  fact  that  intestinal 
worms  may  wound  the  mucosa;  it  is  assumed  that  the  uninjured  mucosa  forms  an 
impassible  barrier  to  the  bacteria  which,  however,  may  pass  through  these  wounds. 
The  theory  claims  that  typhoid  bacilli  in  the  intestines  are  harmless  unless  parasitic 
worms,  or  some  other  wounding  agents,  are  present.  Accordingly,  the  treatment  and 
prevention  of  typhoid  reduces  itself  essentially  to  treatment  and  prevention  of  para- 
sitic worms,  especially  of  whipworms.  The  theory  is  extended  to  appendicitis,  cholera, 
and  certain  other  intestinal  diseases. 

More  recently,  the  theory  is  also  extended  to  include  parasitic  protozoa  as  inocu- 
lating agents  in  intestinal  diseases,  but  so  far  as  typhoid  is  concerned  no  definite 
statistical  data  are  presented  in  support  of  this  extension.  As  the  fresh,  warm,  stools 
should  be  examined  to  test  this  phase  of  the  subject  fairly,  and  as  conditions  were  not 
favorable  for  such  examination  in  the  present  instance,  this  protozoan  phase  of  the 
subject  could  not  be  consistently  studied  in  the  present  report. 

The  Washington  epidemic  of  typhoid  in  the  summer  of  1906  presented  the  possibility 
of  putting  to  a practical  test  the  verminous  side  of  this  exceedingly  alluring  theory. 
The  results  of  the  study  have  failed  to  confirm  the  theory,  for  92.5  per  cent  of  the 
patients  showed  no  infection  with  intestinal  worms,  while  only  15  of  them  (7.5  per 
cent)  showed  a total  of  16  infections  (8  infections  per  hundred)  of  which  14  cases  (7  per 
cent)  showed  whipworm  infection.  This  represents  an  increase  of  only  1.3  infections 
(0.65  infection  per  hundred  persons)  over  what  we  expected  to  find  in  the  general 
intestinal  helminthiasis,  and  an  increase  of  only  1.32  per  cent  over  what  we  expected 
to  find  in  whipworm  infections.  Considering  the  very  wet  season  we  have  had,  and 
especially  in  view  of  the  negative  findings  in  92.5  per  cent  of  the  patients,  these  slight 
increases  can  hardly  be  considered  of  importance. 

In  comparing  the  severity  of  the  verminous  infections  (as  judged  by  the  number  of 
eggs  present)  with  that  reported  for  typhoid  by  Guiart  in  France,  it  was  found  that  the 

® In  making  the  2,000  microscopic  examinations  involved  in  preparing  this  paper,  I 
have  been  aided  by  Passed  Asst.  Surg.  Joseph  Goldberger,  David  G.  Willets,  Ph.  B., 
and  Arthur  E.  Paterson,  Ph.  B. 
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YTasliiiLgtoii  eases  averaged  only  0.47-t-  whipworm  egg  per  slide,  against  2 eggs  per 
slide  in  the  French  statistics. 

Turning  to  a method  of  indirect  comparison,  it  is  seen  that  while  former  examina- 
tions in  this  laboratory  (for  Washington.  D.  C..  and  for  Connecticut  i showed  that  the 
greatest  percentage  (13.01)  of  cases  of  whipworm  infections  was  under  15  years  of  age, 
in  the  200  typhoid  cases  examined  the  greatest  percentage  (47.5 1 of  patients  fell 
between  the  ages  of  15  and  29  years,  inclusive:  further,  the  percentage  of  cases  of 
typhoid  does  not  vary  parallel  with  the  percentage  of  cases  of  whipworm  infection  in 
the  other  age  groups. 

Comparing,  in  reference  to  sexes,  the  statistics  of  whipworm  infection  in  the  world 
at  large,  and  in  examinations  made  for  Connecticut  and  for  the  District  of  Columbia 
combined,  with  those  of  the  200  tt'phoid  patients  examined,  it  is  seen  that  whipworms 
are  more  common  in  females  than  in  males,  while  of  our  200  t^*phoid  cases,  52.5  per  cent 
were  males  and  47.5  per  cent  were  females.  If  the  comparison  is  restricted  to  the  total 
helminthiasis  of  cases  examined  in  the  District  of  Columbia,  it  is  slightly  more  favor- 
able to  the  theory  under  discussion. 

Making  a similar  comparison  in  reference  to  the  race  of  patients,  it  is  seen  that  in  the 
200  cases  of  typhoid  under  discussion ' reduced  to  figures  approximately  in  harmony  with 
the  general  relation  of  the  races  in  the  population  of  the  District  ) the  whites  were  to 
the  negroes  as  55.5  to  64,  while  in  the  whipworm  statistics  in  former  examinations  the 
whites  were  to  the  negroes  as  3.75  to  9.79.  The  change  in  our  summer  population 
would  account  for  at  least  a part  of  this  excess  of  typhoid  among  the  negroes. 

The  general  conclusions  are.  therefore,  that  a study  of  the  intestinal  helminthiasis 
in  200  of  the  cases  in  the  Washington  tt-phoid  epidemic  of  1906  has  not  supported  the 
theoiy  that  whipworms,  eelworms.  or  other  species  of  intestinal  worm  bear  any  neces- 
saiy  or  common  relation  as  an  inoculating  agent  in  tj-phoid  fever:  and  that  the  Anew 
recently  expressed  in  France  to  the  effect  that  the  treatment  and  prevention  of  typhoid 
fever  practically  reduces  itseK  to  the  treatment  and  prevention  of  intestinal  worms, 
especially  of  whipworms,  does  not  obtain,  at  least  so  far  as  this  locality  (Washington, 
D.  C.)  is  concerned.  The  question  of  the  relation  of  protozoa  as  inoculating  agents 
in  typhoid  is  not  considered  in  this  report. 

IXTRODTJCTIOX. 

From  time  to  time^  in  medical  and  helminthological  hteratnre, 
authors  have  called  attention  to  the  frequency  of  infection  with 
intestmal  worms  found  in  cases  of  typhoid  fever.  These  observa- 
tions have  recently  culminated  iu  a theory  to  the  effect  that  whip- 
worms ( TncJiiiris  tricMura)  play  an  inoculating  role  in  typhoid 
somewhat  similar  to  that  played  by  ffeas  in  bubonic  plague. 

This  theorv  is  in  itself  a verv  alluring  one.  If  it  is  substantiated, 
its  effects  are  of  far-reaching  importance.  Xot  only  would  it  mean 
that  the  prevention  and  treatment  of  typhoid  would  practically 
resolve  itself  into  the  prevention  and  treatment  of  whipworms,  but 
a practical  apphcation  of  the  prophylactic  measures  might  involve 
more  or  less  of  a revolution  in  the  present  methods  of  the  disposal  of 
sewage.  On  this  accoimt  it  seems  wise  to  test  the  theory  from  differ- 
ent poiats  of  view  and  in  different  geographic  areas,  lest  a study  of  the 
subject  from  one  point  of  view  or  in  a hmited  geographic  area  may, 
because  of  local  conditions,  lead  to  erroneous  conclusions. 
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The  outbreak  of  typhoid  fever  in  Washington,  D.  C.,  during  the 
summer  months  of  1906,  has  given  me  an  opportunity  to  test  the 
theory  in  this  locality  and  to  compare  my  results  with  results  pub- 
lished for  France  and  Italy.  In  this  study  I have  had  a certain 
advantage  over  my  European  colleagues,  for  not  only  have  I had  a 
larger  number  of  cases  for  comparison,  but  in  analyzing  the  cases  it 
has  been  possible  to  draw  a comparison  between  two  races  of  patients, 
whites  and  negroes. 

In  order  to  understand  the  points  at  issue,  it  will  be  well  to  quote 
extensively  from  certain  European  authors,  especially  from  Guiart, 
the  chief  exponent  of  the  theory  involved. 

As  will  be  seen  from  the  extracts,  typhoid  is  not  the  only  disease 
which  comes  up  for  consideration.  I have  not,  hov/ever,  had  an  oppor- 
tunity to  study  the  other  maladies  (appendicitis,®  cholera,  etc.)  from 
the  point  of  view  of  intestinal  helminthiasis. 

As  will  be  seen  also  from  the  extracts,  the  theory  in  question  may 
be  summarized  as  follows:  There  are  certain  pathogenic  bacteria 
which  do  no  harm  in  the  lumen  of  the  intestine;  but  if  parasitic 
worms  (especially  whipworms  or  eelworms)  happen  to  be  present, 
these  parasites  wound  the  mucosa  of  the  intestine,  and  the  bacteria 
gain  access  to  the  system  through  the  wounds ; thus  clinical  typhoid 
is  dependent  upon  the  presence  of  a wounded  mucosa,  and  as  the 
whipworm  represents  the  most  common  intestinal  worm,  this  is 
usually  the  inoculating  agent  of  typhoid.  This  I believe  is  a fair 
statement  of  the  theory. 

In  considering  the  subject  it  would  seem  logical  to  expect  that,  if 
the  theory  be  correct,  not  only  must  we  find  that  practically  all 
typhoid  patients  harbor  intestinal  worms  (especially  whipworms), 
but  we  can  go  further,  namely,  since  we  know  that  one  sex  (female) 
in  man  presents  a higher  intestinal  helminthiasis  than  does  the  other, 
also  that  whipworms  and  eelworms  are  more  common  in  persons  of 
certain  age  groups  (under  15  years)  than  at  other  ages,  and  finally 
that  whipworms  especially  are  more  common  in  the  negro  than  in  the 
white,  we  may  naturally  expect,  in  accordance  with  the  theory,  that 
in  any  given  locality  the  cases  of  typhoid  will  be  correspondingly 
more  common  in  the  sex  (female),  at  the  ages  (under  15  years)  and 
in  the  race  (negro)  presenting  the  highest  percentage  of  intestinal 
helminthiasis  in  question. 

There  are  several  articles  (Metchnikoff,  1901;  Matignon,  1901a, 
1901b;  etc.)  in  recent  medical  literature  on  the  presence  of  worms 
in  the  appendix  or  on  their  relation  to  appendicitis.  They  are 

a Through  the  kindness  of  Dr.  George  Tully  Vaughan  and  Dr.  D.  Percy  Hickling, 
of  this  city,  I have  been  able  to  examine  several  cases  of  appendicitis  for  intestinal 
worms.  While  the  results  were  negative,  the  statistics  are  not  extensive  enough  to 
justify  any  generalizations. 
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not  reviewed  in  this  paper,  as  typhoid  fever  is  the  question  espe- 
cially at  issue.  From  cases  reported  in  literature  it  seems  difficult 
to  exclude  parasitic  worms  as  at  least  occasional  factors  in  appendi- 
citis. Metchnikoffs  advice  to  make  fecal  examinations  in  all  cases 
can  do  no  harm  and  may  do  good.  It  seems  rather  early  to  general- 
ize on  this  subject,  either  positively  or  negatively. 

HISTORICAL  REVIEW. 

Turning  now  to  the  arguments  and  views  presented  in  favor  of  the 
theory,  we  may  note  the  f ollo^viug : 

Guiart  (1899a,  1000-1002)  says: 

It  is  probable  that  all  of  the  epidemics  of  verminous  fever  of  former  times  -vere  in 
reality  only  epidemics  of  ascariasis  of  tj^^hoid  form,  or  perhaps  of  tj-phoid  fever  accom- 
panied by  helminthiasis.  But  Davaine  did  not  sufficiently  explain  the  association 
of  the  infection  and  of  ascarids,  and  in  a recent  vork  an  Italian  author,  Demateis 
(1899a),  shows  that  certain  of  the  interpretations  of  Davaine  ought  not  to  be  accepted 
to-day  and  that  the  ascarids  are  not  simple  foreign  bodies  contained  in  the  intestines, 
but  that  they  are  endowed  with  ver^^  energetic  movements,  which  become  accentu- 
ated under  the  influence  of  an  elevation  of  febrile  temperature,  and  that  they  are  able 
to  become  very  dangerous  for  the  host  who  harbors  them.  We  accept  fully  this  opin- 
ion, adding  that  not  only  is  the  fever  able  to  provoke  the  pathogenic  action  of  the 
ascarid,  but  this  latter  by  its  presence  alone  is  able  to  provoke  the  fever  by  giving 
rise  to  alterations  in  the  intestine  which  are  able  to  serv*e  as  ports  of  entr\"  to  the 
infection. 

Certain  authors  have  indicated  that  at  the  points  where  the  ascarids  attach  it  is  not 
rare  to  obseix’e  a slight  softening  of  the  intestinal  mucosa  and  a fine  vascular  injection 
similar  to  that  of  erethematous  enteritis.  Lerotix  has  shown  further,  in  an  intestine 
containing  83  ascarids,  small  points,  having  the  appearance  of  punctures,  surrounded 
by  a small  red  circle.  Finally,  in  cases  of  ascariasis  of  the  dog,  Friedberger  and 
Froehner  also  report,  at  the  plane  of  the  tumefied  and  catarrhal  mucosa,  numerous 
small  rounded  blackish  points,  at  the  center  of  which  is  an  ulcerative  depression  sur- 
rounded by  a salient  zone.  But  Davaine  does  not  admit  that  these  lesions  can  be 
due  to  the  action  of  the  ascarid,  because  the  jaws  [lips]  of  the  parasite  would  not  be 
able,  according  to  him,  to  act  on  an  object  situated  in  front  of  them,  but  only  on  an 
object  introduced  into  the  buccal  orifice.  This  opinion  has  not  been  accepted  so 
positively  by  ever\’one,  and  I have  recently  had  [1001]  occasion  to  observe  a fact 
which  permits  me  to  be  more  affirmative. 

In  the  cruise  of  the  Hirondelle,  in  1888,  the  Prince  of  Monaco  captured,  near  the 
Azores,  a dolphin,  the  stomach  of  which  contained  a veix^  great  number  of  Ascaris 
conocephaliis  Krabbe,  which  were  given  to  me  awhUe  ago  to  determine.  Certain  of 
these  parasites  were  affixed  to  the  mucosa,  and  the  cephalic  button,  profoundly 
incrusted  in  the  tissues,  was  covered  with  a sort  of  rather  deep  cupula,  presenting 
asperities  sufficient  to  permit  the  worm  to  fix  itself  solidly  with  its  teeth.  * * * 
This  cupula  is  a veritable  mold  of  the  cephalic  extremity  ol  the  ascaris,  and  it  is  deep 
enough  so  that  the  mucosa  is  seriously  wounded  at  this  point.  These  lesions  are  cer- 
tainly identical  with  those  observed  by  Leroux  in  man  and  by  Friedberger  and 
Froehner  in  the  dog.  But  the  cephalic  armature  of  Ascaris  conocephaliis  is  absolutely 
similar  to  that  of  Ascaris  lurnbricoides  of  man.  It  is,  then,  ver\"  probable  that  what  one 
makes  the  other  is  also  able  to  make,  and  we  are  consequently  in  the  right  in  admit- 
ting that  Ascaris  is  perfectly  capable  of  cutting  the  intestinal,  or  at  least  the  stomachal. 
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If  now  we  consider  well  that  the  parasite  lives  in  the  midst  of  the  intestinal  mate- 
rial— that  is,  in  a septic  medium — we  understand  that  the  ulceration  produced  by 
the  bite  of  the  parasite  will  easily  be  able  to  become  inflamed  and  to  result  in  an 
abscess,  or  even  to  give  rise  to  various  enterites,  for  instance,  under  the  action  of 
Bacterium  coli,  or  of  the  t^’plioid  bacillus.  We  now  understand  then  better  the  coin- 
cidence, so  striking  sometimes,  of  t^'phoid  fever  and  [1002]  of  Ascaris,  and  that  all  the 
better  because  the  etiolog>"  [source  of  infection]  is  in  reality  the  same,  and  for  the  two 
should  be  sought  in  the  impurity  of  the  drinking  water.  In  cases  of  enteritis  of 
t^-phoid  form  one  ought,  then,  especially  in  cases  of  doubtful  bacteriologic  diagnosis, 
to  make  a microscopic  examination  of  the  fecal  material,  and  if  one  flnds  Ascaris  eggs 
one  ought  to  administer  santonine. 

In  another  paper  Giiiart  (1900f,  70-81,  fig.  1)  gives  a brief  histor- 
ical review  of  certam  epidemics  in  which  Ascaris  Jumbricoides  was 
reported  as  common.  He  elaborates  slightly  on  his  earlier  (1899a) 
paper,  and  refers  to  the  possibility  of  Ascaris  as  an  inoculating  agent 
in  t;vphoid. 

Giiiart  (1901a,  307-308)  in  a later  paper  says: 

This  week  M.  Metchnikoff  has  just  presented  to  the  Academy  of  Medicine  [Paris]  a 
very  interesting  communication  and  one  which  has  made  considerable  stir  in  the 
medical  world,  because  it  concerned  appendicitis.  * * * i am  very  glad,  so  far 
as  I am  concerned,  to  see  that  Metchnikoff  confirms  the  ideas  which  I myself  have 
advanced  here,  a little  over  a year  ago,  on  the  role  of  Ascaris  as  an  inoculating  agent 
in  intestinal  affections.  Our  two  communications  constitute  in  reality  two  specific  cases 
of  a general  law:  That  of  the  action  of  intestinal  worms  as  inoculating  agents  of  certain 
intestinal  affections. 

I do  not  wish  to  return  here  to  what  I have  said  apropos  of  the  role  of  Ascaris  and 
what  has  just  been  confirmed  by  Metchnikoff.  But  in  regard  to  the  whipworm,  it 
is  now  three  years  that,  in  my  lectures  on  parasitology  before  the  medical  school,  I 
have  insisted  on  its  frequency  in  the  cecum  and  on  the  important  role  which  it  ought  to 
play  in  the  inflammatory  maladies  of  this  region;  in  fact,  it  fixes  itself  in  the  mucosa  by  its 
thin  extremity  and  thus  becomes  an  inoculating  agent  of  the  first  order. About  eighteen 
months  ago,  I gave  this  question  to  M.  Brumpt,  preparateur  of  Professor  Blanchard’s 
laboratory,  to  study  during  his  ‘“passage”  [term?]  in  the  hospitals.  Only  once  did 
he  encounter  whipworms  in  the  appendix ; but  in  the  necropsies  on  t>q)hoid  cadavers 
he  very  frequently  found  whipworms  attached  in  the  superficial  portion  of  the  mucosa 
of  the  cecum.  M.  Brumpt  has  not  yet  published  his  observations,  and  as  he  is  at 
present  traveling  in  Central  Africa,  I have  thought  it  well  to  speak  of  them  here. 

I hope  that  I shall  not  be  interpreted  as  saying  that  I consider  the  whipworm  as  the  cause 
of  typhoid  fever;o  that  would  be  as  much  of  an  exaggeration  as  to  interpret  Met- 
chnikoff as  saWng  that  this  worm  is  the  specific  cause  of  appendicitis.  Its  true  role  is 
as  follows:  Our  intestine  harbors  a very  rich  bacterial  flora  and  many  pathogenic  bacteria 
are  found  there;  but  fortunately,  in  the  normal  state,  the  intestinal  epithelium  offers  to 
them  an  insuperable  barrier.  It  is  in  reality,  like  our  external  shin,  always  soiled  with 
bacteria;  but  it  does  not  let  the  bacteria  penetrate  except  in  case  of  a cut  or  a wound.  Thus, 
in  the  intestine,  the  pathogenic  bacteria  remain  without  action,  if  the  mucosa  is  not  abraded 
by  a foreign  body  or  by  a solid  particle  ingested  with  the  food,  or  is  not  injured  by  some 
worm  living  in  its  lumen.  In  fact,  this  worm,  fixing  itself  on  the  mucosa  in  order  not  to 
be  removed  by  the  fecal  material,  wounds  the  mucosa  and  the  conditions  change;  the  bacteria, 
inoculated  by  the  parasite,  develop  under  the  mucosa,  and  will  produce,  according  to  the 
case,  an  enteritis,  an  appendicitis,  a simple  abscess,  or  even  a peritonitis.  Since,  in  our 
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country,  the  typhoid  hadllus  is  one  of  the  most  abundant,  the  result  is  that  the  intestinal 
parasites  open  especially  the  door  to  typhoid  fever;  but  in  other  countries  they  produce 
inoculation  with  dysentery  and  with  cholera.^ 

I thus  think  that  the  whipworm  acts  simply  in  the  same  way  as  any  intestinal 
worm;  and  as  it  constitutes  with  Ascaris  one  of  the  most  frequent  parasites  of  the 
intestine,  the  result  is  that  one  ought  with  right  to  reckon  with  it,  all  the  more  because 
it  is  to-day  demonstrated  that  it  really  fixes  itself  in  the  mucosa  by  its  cephalic 
extremity,  as  results  from  some  observations  by  Eailliet  and  Brumpt.  I believe 
that  the  whipworm  is  able  to  act  eventually  in  the  etiology’  of  appendicitis;  but  that 
is  indeed  rather  rare  (see  below,  p,  202).  In  fact,  if  whipworms  are  rather  common  in 
the  cecum,  one  must  admit  that  they  are  encountered  very  rarely  in  the  appendix. 
Thus,  of  174  appendices  excised  surgically  and  examined  in  the  laboratory  of  practical 
pathology  by  Doctor  Letulle  and  Doctor  Weinberg,  only  2,  one  of  which  was  brought 
to  me,  contained  whipworms.  & If  it  is  probable  that  whipworms  may  play  a role  in 
certain  cases  of  appendicitis,  I believe  at  least  that  its  role  is  much  more  active  in 
other  intestinal  affections,  and  particularly  in  enteritis. 

To  summarize : The  helminths  and  the  bacteria  of  the  intestine  are  inoffensive  in  them- 
selves, but  the  helminths  are  capable  of  becoming  inoculating  agents  of  the  bacteria,  in  the 
same  way  as  the  mosquito  does  in  malaria,  or,  better,  in  yellow  fev err. cd  The  helminths 
may  thus  play  a very  important  and  generally  unrecognized  role  in  the  etiologt"  of 
intestinal  affections,  and  this  forms  one  of  the  most  interesting  cases  of  parasitic 
association.  I am  also  persuaded  that  the  day  physicians  begin  to  make  systematic 
microscopic  examinations  of  the  fecal  matter  for  eggs  of  parasites,  they  will  be  aston- 
ished at  the  rapid  progress  which  will  result  in  our  knowledge  relative  to  the  etiology* 
and  treatment  of  parasitic  diseases  of  the  intestine  and  liver. 

The  following  abstract  of  a paper  (1902  ^),  by  Kostortzelf  (1902, 
692),  is  taken  from  the  Medical  Xews: 

In  the  course  of  his  extensive  anatomical  studies  of  the  topography  and  pathological 
anatomy  of  the  appendix.  Doctor  Rostortzeff  came  to  the  conclusion  that  Metchnikoff ’s 
opinion  on  the  causative  influence  of  worms  on  appendicitis  can  hardly  be  accepted . 
On  the  one  hand,  he  found  the  parasites  in  a comparatively  small  percentage  of  the 
examined  appendices,  and,  on  the  other,  of  those  appendices  where  he  found  the 
parasites  a great  many  were  perfectly  normal. 

Blanchard  (1904,  Dec.  1,  122-128)  presented  to  the  French  Acade- 
mic de  Medecine  a general  review  of  Guiart's  work,  based  upon  a 
paper  prepared  by  Guiart.  The  paper  is  practically  a summary  of 
Guiart’s  former  publications  on  the  relation  of  whipworms  to  typhoid. 

Blanchard  (1904,  Dec.  1,  138-140;  1905,  50-51),  in  discussing  the 
general  subject,  says: 

From  a strictly  medical  point  of  -vdew,  the  helminths  are  about  to  retake  in  medicine 
a role  which  was  formerly  attributed  to  them  without  question,  but  from  which  the 
progress  in  bacteriology  has  deposed  them.  The  discovery  of  the  pathogenic  role  of 
the  microbes  has  been  the  origin  of  surprising  progress  in  etiology",  prophylaxis,  and 
treatment  of  the  infectious  diseases.  By  a very  comprehensible  exaggeration,  people 

a Italics  not  in  the  original. 

The  whipworm  was  fixed  through  the  superficial  portion  of  the  mucosa. 

c Italics  not  in  original. 

d Guiart  should  not  be  misconstrued  here  as  suggesting  that  the  worms  act  as  inter- 
rnediate  hosts  in  the  life  cycle  of  the  bacteria. 

« The  original  is  not  accessible  to  me. 
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have  wished  to  attribute  everything  to  the  microbes,  and  this  was  a singular  solace 
for  medicine,  to  find  at  last  in  them  the  explanation  of  pathogenic  phenomena  which, 
since  centirries,  obstinately  refused  to  deliver  up  their  secret.  Far  he  it  from  me  to 
contest  the  capital  role  which  these  infinitely  small  organisms  play  in  the  production  of 
diseases,  hut  I am  clearly  of  the  opinion  that  often  they  are  not  harmful  except  because  they 
are  preceded  in  their  nefarious  work  hy  various  parasitic  worms  which  open  for  them  the 
way  and  permit  them  to  exercise  their  evil  work.o- 

Guiart  has  recognized  that  Ascaris  conocephalus  produces  in  the  intestinal  mucosa 
of  the  dolphin  ratl.er  profound  erosions,  thanks  to  the  three  powerful  nodules  with 
which  its  mouth  is  armed;  Ascaris  lumhricoides  acts  proportionately  the  same  in  man. 
And  indeed  clinicians  have  often  noticed,  without  attaching  to  this  fact  the  importance 
which  it  merits,  the  existence  of  more  or  less  numerous  ascarids  in  individuals  suffering 
from  intestinal  affections,  especially  from  typhoid  fever.  Roederer  and  Wagler  in 
1760  observed  at  Goettingen  a severe  [51]  epidemic  of  typhoid  fever,  or  of  morhus 
mucosus,  as  they  said,  in  the  course  of  which  they  discovered  the  whipworm;  this 
parasite  was  found  in  abundance  in  the  intestine  of  persons  on  whom  they  were  able 
to  make  an  autopsy.  We  are  not  ignorant  that  at  a very  recent  epoch  Professor  Metch- 
nikoff  has  recognized  that  this  same  helminth  was  the  frequent  but  not  exclusive 
cause  of  appendicitis. 

Does  this  mean  that  the  helminths  are  infectious?  Not  at  all;  their  pathogenic 
role  is  indubitable,  but  in  a way  it  is  only  preparatory.  The  ascarid,  we  have  seen, 
erodes  and  ulcerates  the  intestinal  mucosa;  the  ravages  experienced  by  the  latter 
are  still  more  giuve  when  it  is  attacked  by  whipworms,  hookworms,  and  other  hel- 
minths which,  armed  or  not  with  hooks,  pierce  through  it  and  sink  into  its  interior 
down  to  contact  with  the  blood  capillaries.  There  is  thus  produced  a series  of  very 
minute  openings,  through  which  the  pathogenic  microbes,  which  are  so  frequently 
found  as  saprophytes  in  the  intestine  of  persons  in  good  health,  are  able  to  invade 
the  organism  and  cause  the  infection.  One  might  therefore  proclaim  this  aphorism:  No 
intestinal  infection  without  parasitic  worms  to  open  u'p  the  way  for  the  infectious  microhes.<^ 

Niclot  (1905,  Jan.  15,  322-323)  reports  two  cases  of  typhoid  in 
which  whipworms  were  found. 

Spezia  (1905,  Oct.  16,  460)  found  whipworm  eggs  in  17  out  of  19 
cases  of  typhoid  cases  in  Italy;  the  preparations  averaged  3 eggs  to 
a slide.  In  view  of  these  results,  compared  with  exaruinations  he 
made  in  other  diseases,  Spezia  is  led  to  agree  with  Guiart  regarding 
the  importance  of  whipworms  in  typhoid. 

Vivaldi  & Tonello  (1905,  1362-1363;  1906,  136)  examined  the 
stools  of  50  typhoid  cases  in  Italy,  and  found  that  80  per  cent,  showed 
whipworm  infection;  in  50  cases  of  other  diseases  they  found  42  per 
cent,  whipworm  infection  and  25  healthy  persons  presented  32  per 
cent,  whipworm  infection;  the  infections  in  the  typhoid  cases  were 
3 to  4 times  as  great  as  those  in  the  other  cases.  The  typhoid  patients 
also  presented  11  Ascaris,  4 Oxyuris,  and  2 hookworm  infections. 

Guiart  & Grimbert  (1906a,  557-567),  in  discussing  the  relations 
of  intestinal  worms  to  the  human  economy,  say  that  the  worms  may 
act — 

3.  By  inoculating  in  the  mucosa  of  the  intestinal  tract  pathogenic  bacteria  which 
are  able  to  exist  in  the  contents  of  the  intestine.  Thus  the  intestinal  worms  play  a 
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considerable  role  in  the  etiology  of  diseases  of  the  intestine  and  of  the  liver  in  the  same 
way  that  insects  do  in  the  etiology  of  infections  of  the  blood.  They  act  especially  as 
inoculating  lancets,  and  according  to  the  \drulence  of  the  microbic  species  of  the  intes- 
tine, one  finds  himself  naturally  in  the  presence  of  affections  of  variable  gravity.  If, 
in  fact,  the  inoculated  agent  is  slightly  pathogenic,  it  is  sufficient  to  expel  the  intestinal 
worms  in  order  to  see  the  symptoms  decrease  and  disappear  that  is  the  triumph  of  anthel- 
minthic medication.  If,  on  the  contrary,  the  microbes  inoculated  in  the  mucosa  have  a 
true  specificity,  the  disease  continues  its  evolution,  even  after  the  evacuation  of  the  parasites; 
hut  at  least  one  prevents  constant  auto-inoculation  and  one  is  able  to  prevent  the  infection 
from  becoming  chronic.  These  are  facts  of  a more  general  application,  applicable  as 
well  to  comparative  pathology  and  to  human  pathology.  It  is  thus  that  Professor 
Moussu  has  shown  the  action  of  the  strongyle  of  sheep  in  the  inoculation  of  bovine 
pasteurellosis.  We  completely  adopt  his  conclusions,  and  we  protest  against  the  pres- 
ent views  which  consider  as  inoffensive  the  parasites  which  are  able  to  inoculate  fatal 
infections.  These  infections  are  bacterial,  it  is  true,  but  they  would  not  occur  if  the  para- 
sites did  not  exist.  \558\  It  is  thus  the  latter  which  are  in  reality  the  more  important 
agent,  a * * * 

[559]  We  are  going  to  attempt  to  show  that  what  the  ectoparasites  (mosquitoes,  etc.) 
are  capable  of  doing  on  the  surface  of  our  body,  the  endoparasites  are  capable  of  doing 
in  our  intestine. 

One  admits  at  present  that  a simple  puncture  of  a needle  is  able  to  open  the  door  to 
pathogenic  bacteria,  that  the  bite  of  a flea  is  able  to  inoculate  plague,  that  of  the  mos- 
quito malaria,  filariasis,  and  yellow  fever.  How,  then,  is  one  able  to  admit  that  a para- 
site is  able  to  produce  lesions  of  the  intestinal  mucosa  and  is  able  to  open  with  impu- 
nity the  blood  vessels  without  ever  opening  the  door  to  infection?  But  the  content 
of  the  digestive  tube  does  not  pass  exactly  for  an  aseptic  medium.  The  most  abundant 
microbe  of  the  fecal  material  being  the  colon  bacillus,  it  is  this  which  will  be  most 
often  inoculated,  and  thus  can  be  explained  certain  enterites  of  the  child  or  of  the 
adult,  general  or  partial,  and  among  these  appendicitis. 

[560]  In  France  there  was  a general  laughter  when  Metchnikoff  claimed  that  append- 
icitis could  be  produced  by  intestinal  worms;  to-day,  still,  one  sees  the  smile  of  pity 
on  the  part  of  medical  students  when  in  examination  they  are  questioned  in  regard  to 
the  role  and  diagnosis  of  the  intestinal  worms  in  appendicitis.  The  opponents  of  the 
theory  base  their  position  on  the  fact  that  appendices  are  removed  daily  without  find- 
ing the  slightest  intestinal  worm.  As  if  the  worm  had  to  penetrate  into  the  appendix 
in  order  to  produce  appendicitis!  The  surgeon  is  not  surprised,  however,  that  a small 
wound  on  the  foot  results  in  an  inguinal  adenitis.  The  skin  and  the  intestine  are  two 
tissues  of  the  same  origin:  why  refuse  to  one  what  is  admitted  for  the  other?  It  seems 
to  us  logical  to  admit  that  a parasite  fixing  itself  in  the  intestine  can  inoculate  at  this 
point,  into  the  mucosa,  pyogenic  bacteria  which  are  transported  by  the  lymphatics 
in  the  neighboring  lymphoid  tissue,  and  as  this  lymphoid  tissue  is  especially  abundant 
in  the  appendix,  the  bacteria  inoculated  in  the  region  of  the  cecum  are  very  naturally 
going  to  result  in  an  inflammation  of  the  appendix.  It  is  thus  that  all  intestinal  worms 
able  to  live  in  and  attach  themselves  to  the  cecum  are  able  to  be  a cause  of  appendici- 
tis. These  will  nearly  always  be  ascarides  or  whipworms.  Further,  since  Metchni- 
koff’s  communication,  and  despite  the  detractors,  the  facts  have  multiplied  singularly. 
It  is  permitted  to  think  that  in  a little  while  the  intestinal  worms  will  be  considered 
not  only  as  the  cause  of  some  rare  cases  of  appendicitis,  but  perhaps  as  the  most  frequent 
etiologic  factor.  One  of  us  (Guiart)  has  had  occasion  to  observe  flve  cases  of  appendi- 
citis in  persons  around  him.  In  the  first  case  an  acute  appendicitis  was  definitely 
cured  after  the  spontaneous  expulsion  of  an  ascarid.  In  the  four  other  cases  the  fecal 
material  was  sent  to  him  for  examination  for  the  presence  of  intestinal  worms.  Not 
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having  found  anything  in  two  cases  he  advised  operation.  But  in  the  other  two  cases, 
having  found  the  eggs  of  ascaris  in  one  case  and  [561]  the  eggs  of  whipworms  in  the 
other,  he  ordered  santonine  for  the  former  and  thymol  for  the  latter.  The  cases  of 
appendicitis  ceased  as  if  by  enchantment,  and  since  then  have  not  reappeared.  One 
of  these  cases  occurred  three  years  ago,  the  other  one  year  ago.  * * * 

We  are  persuaded  that  all  of  the  cases  of  familial  and  of  recuirent  appendicitis  are  amenable 
to  anthelmintic  medication.^  We  believe  even  that  one  should  have  recourse  to  this 
medication  before  every  operation.  In  fact,  in  one  of  the  foregoing  cases,  which  was 
operated  because  of  negative  results  in  the  fecal  examination,  the  young  patient 
passed  a male  ascaris  the  day  after  the  operation.  Later  doses  of  santonine  were  with- 
out effect,  but  the  presence  of  this  single  male  ascaris  permits  us  to  explain  at  the 
same  time  the  appendicitis  and  the  lack  of  eggs. 

VTiat  has  just  been  said  of  appendicitis  can  be  extended  also  to  typhoid  fever. 
WTiether  one  considers  this  affection  as  produced  by  the  bacillus  of  Eberth  or  by  the 
cobacillus,  one  scarcely  explains  how  the  bacillus  is  able  to  pass  the  bander,  which 
the  intestinal  epithelium  offers  to  it,  in  order  to  implant  itself  in  the  mucosa.  Further, 
if  the  bacillus  acted  alone,  one  would  not  understand  why,  in  a population  drinking  the  same 
contaminated  water,  so  few  people  are  in  reality  affected.  On  the  other  hand,  if  one 
admits  that  the  inoculation  occurs  by  the  intermediary  of  intestinal  parasites,  the  facts  are 
very  easily  explained.  t>  One  understands  very  well  the  so  striking  coincidence  of  tj’phoid 
fever  wdth  ascarids  and  whipworms.  We  ought  not  to  be  astonished  if  the  cases  were 
numerous  in  which  anthelminthics  acted  favorably  in  these  affections;  they  acted, 
without  doubt,  by  preventing  the  auto-inoculation  of  the  malady. 

Such  is  the  theory  advanced  by  one  of  us  (Guiart)  in  1901,  treated  again  in  1902, 
and  again  in  1904,  in  a report  presented  [562]  to  the  French  Colonial  Congress.  Find- 
ing himself  at  Brest  during  the  months  of  August  and  September  of  the  same  year, 
at  the  beginning  of  an  epidemic  of  typhoid,  he  resolved  to  try  to  verify  his  hypothesis. 

Permitted  to  examine  the  patients  under  treatm-ent  at  the  hospital,  he  examined  the 
fecal  material  of  12  typhoids  and  in  10  of  them  he  found  constantly  the  eggs  of  whipworms,  t) 
It  sufficed  to  make  3 microscopic  preparations  [in  each  case].  He  was  thus  able  to 
find  from  1 to  21  eggs  in  the  3 slides,  and  for  all  an  average  of  2 eggs  per  slide.  VTien 
one  recalls  that  in  verminous  appendicitis  it  is  often  necessary  to  make  a dozen  prep- 
arations before  finding  an  egg  of  a parasite,  and  that  each  microscopic  preparation 
necessitates  an  extremely  small  amount  of  fecal  matter,  one  understands  that  to 
find  so  easily  the  eggs  of  whipworms  in  the  typhoids,  it  is  necessary  that  the  adult 
worms  be  particularly  abundant  in  the  intestine. 

There  remain  the  two  patients  in  whom  he  did  not  find  the  whipworm  eggs.  One  of 
these,  dying,  6 living  whipworms  were  found  in  the  cecum.  Was  there  an  interruption 
in  the  oviposition  or  were  they  only  male  worms? These  are  the  two  probable  hypothe- 
ses which  could  not  be  verified,  however,  as  he  (Guiart)  was  not  present  at  the 
autopsy.  There  remains  a last  negative  case,  wdiich  did  not  come  to  autopsy,  but 
which  perhaps  finds  its  explanation  in  the  foregoing. 

The  parasite,  at  Paris  at  least,  is  never  so  frequent  or  abundant;  it  was  important  to 
know  whether  it  showed  the  same  frequency  in  the  other  soldiers  under  treatment  at  the  hos- 
pital. Guiart  examined  the  fecal  matter  of  4 individuals. * * * In  the  fu’st  3 he  did 

not  find  a single  egg,  despite  many  preparations.  In  the  other  he  found  1 egg  [563]  in  6 
slides,  a low  proportion  when  one  considers  that  the  typhoids  presented  an  average  of 

“ In  view  of  the  difficulty  encountered  in  expelling  whipworms  from  the  intestine, 
Guiart ’s  interpretation  of  this  case  is  not  altogether  convincing,  especially  since  he 
gives  no  record  to  show  that  the  whipworms  were  actually  expelled. — C.  W.  S. 

& Italics  not  in  the  original. 

c It  will  be  noted  that  Guiart  looks  upon  the  water  as  the  chief  source  of  typhoid 
fever,  see  above,  p.  119. 
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7 eggs  in  3 preparations — that  is,  an  average  fourteen  times  as  high.  The  existence  of 
this  egg  in  the  patient  with  an  amputation  would  explain,  perhaps,  an  attack  of  dysen- 
teric nostras  from  which  he  had  formerly  suffered. 

It  was  thus  demonstrated  that  numerous  whipworms  existed  in  the  intestines  of  typhoids, 
although  these  same  worms  are  rare  and  not  very  abundant  in  healthy  persons  or  in  persons 
with  nonintestinal  affections.^ 

From  new  observations  made  at  Paris,  it  results  that  whipworms  abound  in  the  intestine 
of  typhoids,  except  in  children^  where  the  inoculating  agent  seems  to  be  generally  the  ascarid.^ 

These  facts  have  in  reality  been  known  a long  time.  Since  1792  [?  date],  Roederer  and 
Wagler  gave  under  the  name  of  morbus  mucosus  the  first  account  of  an  epidemic  of 
typhoid  fever,  which  they  attributed  to  the  large  number  of  the  intestinal  worms  which 
they  encountered  at  the  autopsies.  These  worms,  already  seen  by  Morgagni,  but  new 
for  them,  were  nothing  but  whipworms,  which  they  described  under  the  name  Tri- 
churis  [1761].  In  1807,  Pinel  in  his  Nosographie  philosophique  indicated  that  it  is 
necessary  always  to  suspect  the  existence  of  intestinal  worms  in  mucous  fevers. 
Rokitansky  expressed  an  opinion  analogous  to  that  of  Roederer  and  Wagler.  For  Ras- 
pail,  the  term  typhoid  would  be  synonymous  with  an  excessive  infection  [pullula- 
tion]  with  whipworms  in  the  intestine.  Finally,  Davaine  himself  has  noted  the  strik- 
ing abundance  of  whipworms  in  typhoid  fever.  This  last  observation  has  a special 
interest  in  that  Davaine,  in  denying  any  infectious  role  to  the  intestinal  worms, 
urged  the  present  medical  conceptions.  A number  of  good  observers  have  thus  been 
struok  by  the  frequency  of  whipworms  in  the  intestine  of  typhoids  and  have  admitted 
a relation  between  the  helminths  and  the  infectious  malady. 

For  us,  our  opinion  is  the  following:  An  individual  whose  intestine  is  free  from  intestinal 
worms  may  drink  [564]  with  impunity  contaminated  water.  But  if  this  same  water  reaches 
an  intestine  containing  whipworms,  as  these  {in  order  to  draw  the  blood  with  which  they 
nourish  themselves)  penetrate  into  the  intestinal  mucosa  with  their  pointed  anterior  end, 
they  inoculate,  at  the  same  time,  the  bacteria  into  the  mucosa,  and  they  give  rise  to  the  infec- 
tion. One  thus  understands  better  why,  in  a population  drinking  contaminated  watei', 
there  are  in  reality  so  few  individuals  attacked;  these  are  the  persons  who  harbor  intestinal 
worms,  and  more  particularly  the  whipworms. How,  otherwise  is  it  to  be  explained  that 
the  bacillus  is  able  to  pass  the  barrier  which  the  intestinal  epithelium  offers,  c It  is  very 
evident  that  an  ascarid,  a fly  larva,  or  any  parasite  capable  of  wounding  the  intestine 
may  act  in  the  same  way,  but  as  the  whipworm  is  the  most  common  intestinal  worm 
and  at  the  same  time  that  which  wounds  the  mucosa  the  most  deeply,  it  results  that 
this  is  the  one  which  should  be  nearly  always  incriminated. 

One  might  object  that  the  lesions  of  typhoid  fever  are  found  especially  in  the  small 
intestine,  while  the  whipworm  is  considered  a normal  parasite  of  the  cecum.  It  is 
indeed  exact  that  the  adult  whipworm  fixes  itself  to  the  mucosa  of  the  cecum,  but  it  is 
known,  since  the  experiments  of  Davaine,  that  the  egg  with  the  embryo  hatches  out  in 
the  stomach.  It  is  thus  permitted  to  suppose  that  the  first  stages  of  the  free  [parasitic] 
life  are  passed  in  the  small  intestine  and  that  one  is  able,  consequently,  to  observe 
in  the  latter  the  whipworms  in  different  stages  of  development.  In  fact,  Wrisburg 
has  found  them  in  the  duodenum,  and  his  observation  is  especially  interesting  in  that 
he  says  that  he  has  seen  them  enter,  with  one  of  their  extremities,  into  the  orifice  of 
the  glands  of  [565]  Peyer  and  of  the  mucous  follicles.  Further,  Heller  has  seen  several 

a Italics  not  in  the  original. 

& See,  however,  p.  210  of  this  report. 

cSee  Thebault,  1901,  353:  “This  interesting  observation  is  very  demonstrative;  it 
concerns  a young  ghl  who  was  accustomed  to  eating  cheese  in  which  the  larvae  of  Pio- 
phila  casei  were  swarming.” 

<^In  connection  with  this  phase  of  the  subject,  Guiart  does  not  cite  the  experi- 
ments with  tubercle  bacilli  and  fat. 
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times  in  the  small  intestine  some  specimens  which  seemed  to  be  smaller  than  those 
in  the  cecum.  Werner  and  Bellingham  have  found  them  in  the  lower  portion  of  the 
ileum;  Davaine  says  that  they  have  sometimes  been  found  in  the  small  intestine; 
finally,  Bavay  assures  us  that  he  has  frequently  encountered  them  in  the  small  intes- 
tine of  typhoids. 

Further,  even  supposing  that  the  whipworms  live  only  in  the  cecum,  the  contra- 
diction w®uld  be  only  apparent.  The  researches  of  numerous  authors  have  established 
that,  in  fact,  the  inoculation  of  animals  with  cultures  of  the  typhoid  bacillus,  even  by 
intravenous  or  by  intraperitoneal  injection,  is  able  to  produce  intestinal  lesions. 
With  greater  right  we  ought  not  to  be  astonished  to  observe  these  lesions  as  a result 
of  the  inoculation  of  the  bacillus  in  the  region  of  the  cecum.  That  which  it  is  important 
to  retain  is  that  typhoid  fever  is  an  infectious  microhic  malady,  with  intestinal  port  of 
entrance,  and  that  it  is  the  whipworm,  an  intestinal  parasite,  which,  in  the  majority  of 
cases,  opens  the  door  to  the  infection.^' 

The  practical  consequences  of  these  observations  are  of  the  highest  importance.  In  fact, 
if  in  typhoid  fever  the  initial  etiologic  agent  is  only  the  whipworm,  it  is  that  which  it  is 
necessary  to  attack.O'  Ordinarily,  one  contents  himself,  forewarned,  to  treat  expectantly 
and  one  respects  with  the  greatest  care  the  intestine,  for  fear  of  increasing  the  ulcera- 
tion; but  the  whipworms  continue  their  inoculations,  and  thus  by  this  method  one 
does  that  which  is  necessary  to  augment  the  infection. 

Thus,  we  conclude  as  follows:  In  presence  of  any  febrile  enteritis,  even  before  knowing 
whether  the  serum-diagnosis  is  positive  and  whether  it  is  necessary  to  incriminate  Eberth’s 
bacillus,  one  should  institute,  as  soon  as  possible,  the  anthelminthic  treatment  and  evacuate 
the  intestine,  in  order  to  expel  at  the  same  time  the  microbes  and  the  worms  and  to  prevent 
the  constant  auto-inoculation  of  the  patient.  It  would  evidently  be  better  to  make  an 
examination  of  the  fecal  matter  and  to  vary  the  treatment  {thymol,  santonine,  etc.)  according 
to  the  eggs  of  the  worms  encountered.  But,  in  practice,  since  it  is  nearly  always  [566]  the 
whipworm,  one  may  content  himself  with  instituting  as  rapidly  as  possible  the  anthelmin- 
thic treatment  with  thymol:(^  * * * 

What  we  have  just  said  of  the  intestinal  worms  could  be  extended  to  all  the  parasites 
of  the  intestine,  to  the  infusoria  and  the  flagellates,  as  well  as  to  the  larvae  of  insects,  and 
in  general  to  all  parasites  able  to  produce  alterations  of  the  mucosa.  We  know,  in  fact, 
one  observation  in  which  the  larvae  of  the  cheese  fly  were  able  to  produce  an  intestinal 
hemorrhage  and  caused  an  affection  with  a typhoid  course,  which  was  cured  by  the 
expulsion  of  the  larvae. 

If  these  facts  are  confirmed  and  multiplied,  the  parasites  of  the  intestine  are  going  to 
retake  the  preponderating  place  which  the  intestinal  worms  formerly  occupied  in 
pathology.  * * * 

In  an  earlier  paper,  Guiart  (1905,  Jan.  15,  175-186)  presents  practi- 
cally the  same  argument  which  he  brings  forward  in  Guiart  and  Grim- 
bert  (1906a),  but  he  amplifies  his  arguments  slightly  in  regard  to  the 
protozoa  as  inoculating  agents  in  intestinal  bacterial  infections. 

In  connection  with  this  amplification  it  may  be  pointed  out  that 
protozoa  of  various  kinds  are  exceedingly  common  in  the  intestine. 
While  admitting  that  certain  protozoa  are  certainly  capable  of  injur- 
ing the  mucosa,  there  are  others  in  connection  with  which  this  patho- 
genic action  has  not  yet  been  demonstrated.  It  is  therefore  in  the 
interest  of  conservatism  to  await  rather  convincing  proof  before 
unreservedly  accepting  protozoa  as  a very  common  inoculating 
agent. 
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In  considering  Guiart’s  theory,  all  authors  Mill,  I believe,  admit 
that  it  is  an  exceedingly  tempting  one,  and  that  the  evidence  which 
Guiart  has  submitted  in  its  favor,  while  not  convincing,  is  suggestive, 
and  sufficient  to  demand  an  attentive  consideration  and  an  attempted 
confirmation.  The  claim  that  a wounded  intestinal  mucosa  offers 
favorable  points  of  attack  for  bacteria  may  also  be  admitted. 

The  practical  point  to  be  considered  here  is  whether  whipworms  or 
other  intestinal  worms  are  as  common  in  typhoid  cases  in  Washington, 
D.  C.,  as  Guiart  reports  them  for  France,  and  as  Yiraldi  and  Tonello 
report  for  Italy.  Tins  question  is  especially  important  in  view  of  the 
fact  that  the  European  statistics  are  not  very  extensive  and  that 
it  has  not  been  shovm  whether  the  high  percentage  of  helminthiasis  in 
these  cases  was  not  perhaps  due  to  some  special  conditions.  That 
this  latter  supposition  is  not  excluded  is  seen  from  the  fact  that  Stiles 
& Garrison  (1906a,  50)  have  shown  that  whipworms  were  nearly 
twice  as  common  (6.80  per  cent.)  among  the  sailors  (Guiart’s  patients 
were  apparently  sailors  or  soldiers)  as  among  the  civilians  (3.78  per 
cent.)  admitted  to  the  Government  hospital  from  the  District  of 
Columbia;  further,  also,  by  the  fact  that  Stiles  & Garrison  (1906a, 
56-58)  have  shovm  that  whipworm  infection  may  vary  from  0 to  75  per 
cent  in  different  wards  of  the  Connecticut  hospital  among  patients  not 
suffering  from  typhoid. 

INVESTIGATIONS  IN  THE  WASHINGTON  EPIDEMIC. 

souECE  OF  :nl\teel\l. 

The  200  specimens  of  feces  used  were  collected  by  the  local  board  of 
health  from  cases  of  typhoid  reported  to  the  health  officer  during  the 
months  of  July— September,  1906.  Xot  all  cases  which  occurred  were 
examined,  but  the  200  cases  which  were  examined  were  taken  at  ran- 
dom from  those  which  were  reported;  hence  they  were  not  subject  to 
any  selective  process,  and  may  therefore  safely  be  taken  as  basis  for 

studA^. 

«/ 

TECHNIQUE. 

The  microscopic  technique  used  was  the  same  as  that  described  in 
Stiles  & Garrison  (1906a,  10-11)  except  that  because  of  the  infec- 
tious nature  of  the  material  the  specimens  were  collected  in  bottles 
instead  of  in  paper,  and  trikresol  was  used  instead  of  water.  At  least 
10  preparations  were  made  of  each  specimen,  and,  in  most  cases,  at 
least  two  men  worked  independently  on  the  slides,  so  that  there  were 
very  few  cases  in  which  either  a positive  or  a negative  diagnosis  de- 
pended upon  the  observations  of  one  man.  For  instance,  I examined 
from  2 to  8 preparations  of  the  majority  of  cases,  and  the  remaining 
preparations  were  examined  by  Doctor  Goldberger,  ^Ir.  TTillets,  or 
l\lr.  Paterson. 
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SPECIES  OF  PARASITES  FOUND  IN  THE  STOOLS. 

Only  two  species  of  worms  were  found  in  the  200  patients 
examined.  These  were  the  whipworm  (Trichuris  trichiura)  and  the 
eelworm  (Ascaris  lumbricoides) . In  several  preparations  live  or  dead 
mites  were  found.  While  it  is  perhaps  doubtful  whether  these  mites 
would  come  into  consideration  in  connection  with  the  theory  in  ques- 
tion, mention  will  be  made  of  them  in  the  statistics. 

CONCURRENT  INFECTIONS. 

In  only  one  case  was  there  a concurrent  infection  with  whipworms 
and  eelworms.  All  other  cases  infected  with  worms  were  infections 
with  a single  species. 


FREQUENCY  OF  INFECTION. 

Before  giving  the  number  of  verminous  infections  actually  found, 
it  will  be  well  to  estimate  the  number  (endemic  helminthiasis)  which 
might  be  expected  in  our  200  patients,  independent  of  the  question 
of  typhoid. 

Endemic  helminthiasis. — Our  patients  are  classified  as  follows: 


Sex. 

Whites. 

Negroes. 

Total. 

Male 

77 

28 

105 

Female 

59 

36 

95 

Total 

136 

64 

200 

It  will  thus  be  seen  that  we  had  68  per  cent,  whites,  32  per  cent, 
negroes;  52.5  per  cent,  males,  47.5  per  cent,  females. 

The  latest  statistics  on  the  population  of  the  District  of  Columbia 
accessible  to  me  (police  census,  spring  of  1906)  give  the  corresponding 
figures  for  the  entire  population  as  follows: 


Sex. 

Whites. 

Negroes. 

Total. 

Male 

113, 348 
118, 069 

43,955 

51,063 

157, 303 
169, 132 

Female 

Total 

231,  417 

95,018 

326, 435 

Thus,  these  statistics  give  70.89  per  cent  whites,  29.10  per  cent 
negroes,  48.18  per  cent  males,  51.81  per  cent  females. 


208 


TYPHOID  FE\T:E  in  DISTRICT  OF  COLUMBIA. 


It  will  thus  be  seen  that  we  have,  in  our  200  cases  examined,  a 
slight  excess  of  males  and  negroes  and  a slight  deficit  in  whites  and 
females,  when  compared  Yuth  the  total  population  of  the  District  of 
Columbia.  It  should,  however,  be  recalled  that  our  examinations  were 
made  from  the  latter  part  of  July  to  the  first  week  in  September, 
inclusive,  and  that  because  of  the  severe  and  trying  climate  of  these 
months  in  Washington,  there  is  quite  an  appreciable  change  in  the  pro- 
portions of  whites  to  negroes  and  males  to  females,  due  to  the  exodus 
of  many  of  the  inhabitants  who  desire  to  escape  this  hot  season;  the 
financial  condition  oi  the  inhabitants  naturally  results  in  a greater 
exodus  among  the  whites  than  among  the  negroes,  and  the  ofiicial 
and  business  duties  devolving  upon  the  men  naturally  result  in  a 
greater  exodus  of  women  than  of  men. 

The  division  of  the  cases,  therefore,  corresponds  approximately  to 
the  division  of  the  general  population,  hence  it  forms  a fair  basis  for 
studv.  ' 

Stiles  & Garrison  (1906a,  13-14)  have  shovm  that  746  whites 
admitted  to  the  Government  hospital  from  the  District  of  Columbia 
showed  an  average  intestinal  helminthiasis  of  4.96  per  100  persons,  and 
an  average  of  3.75  per  cent,  infection  with  whipworms;  also,  that  378 
corresponding  negroes  presented  an  average  of  12.43  per  100  persons 
of  general  intestinal  helminthiasis,  and  9.79  per  cent,  infection  with 
whipworms.  The  approximate  number  of  infections  which  might 
occur  among  our  200  patients,  without  causing  any  surprise,  would 
thus  be  as  follows: 


Race. 

Total  intestinal 

Infection  with 

helminthiasis. 

.whipworms. 

WLites 

136X  4.96=6.7456 

136X  3.  75=  5. 1000 

Negroes 

64X12.43=7.9552 

64X  9.79=  6.2656 

Total 

14  7008 

11.  3656 

Thus  we  might  expect  among  our  200  patients,  14.70  cases  of  intes- 
tinal helminthiasis  and  11.36  cases  of  whipworms,  without  giving  us 
any  ground  for  assuming  that  the  intestinal  worms  had  anything  to 
do  vfith  the  typhoid  infection,  either  directly  or  indirectly.  As  a 
matter  of  fact,  we  might  expect  even  a slightly  higher  number  of  infec- 
tions than  these  figures  indicate,  for  this  has  been  an  unusually  wet 
year,  hence  one  favorable  to  whipworm  and  ascaris  infections. 
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The  infections  found  among  the  200  typhoid  patients  were  as 
follows : 


Race  and  sex. 

Number 

examined. 

Examina- 

tion 

negative. 

Infections. 

Total 
cases  in- 
fected. 

Trichuris. 

Ascaris. 

Mites. 

Whites  : 

Males 

77 

68 

a7-t-l 

a 1+1 

0 

9 

Females 

59 

' 53 

5 

0 

1 

6 

Total 

136 

121 

12+1 

al+1 

1 

15 

Negroes; 

Males 

28 

27 

0 

0 

1 

1 

Females 

36 

33 

1 

0 

2 

3 

Total 

64 

60 

1 

0 

3 

4 

Grand  total 

200 

181 

a 13+1 

ttl+1 

4 

bl9 

a One  concurrent  infection  of  Ascaris  and  Trichuris. 

& Including  the  cases  harboring  the  mites,  which  however  are  not  true  parasites. 


It  is  thus  seen  that  while  we  might  expect  that  our  200  patients 
would  show  (independently  of  the  fact  that  they  had  typhoid)  approx- 
imately 15  (14.7)  verminous  infections,  they  actually  did  present 
(despite  their  typhoid  infections)  16  infections  (in  a total  of  15  per- 
sons); 4 additional  cases  (2  per  cent.)  presented  either  live  or  dead 
mites  in  the  feces,  but  these  may  probably  be  ignored;  and  185 
patients  (92.5  per  cent.)  showed  no  intestinal  worms. 

Further,  while  we  might  expect  that  11  or  12  of  the  patients 
(11.36  cases,  or  5.68  per  cent.)  would  present  infection  with  whip- 
worms (independently  of  the  fact  that  they  had  typhoid),  14  patients 
(7  per  cent.)  actually  did  have  w^hipworms. 

Thus,  in  the  200  typhoid  patients,  the  increase  (over  what  might 
have  been  expected  had  they  not  had  typhoid)  w'as  only  1.3  infections 
(0.65  per  100  persons)  excess  in  general  helminthiasis,  and  only  1.32 
per  cent  excess  in  infection  wdth  w’hipworms.  These  slight  excesses 
can  hardly  be  considered  as  of  importance  in  connection  with  the 
typhoid  fever  w’hen  we  recall  that  92.5  per  cent,  of  all  the  patients 
showed  no  intestinal  worms  w^hatever,  and  when,  further,  we  take  into 
consideration  the  unusually  wet  weather  which  has  prevailed  this 
year. 

It  is  rather  interesting  that  the  excess  in  whipworms  was  due  to  an 
excess  of  infection  among  the  whites,  which  gave  a total  of  9.55  per 
cent  whipworms  against  3.75  per  cent  which  we  expected  to  find. 
Still,  this  excess  of  5.80  per  cent,  can  hardly  be  considered  as  of  sig- 
nificance in  connection  with  the  typhoid  when  we  note  that  the  negroes 
gave  only  1 case  of  w^hipworms,  or  0.5  per  cent,  instead  of  6 cases,  or 
9.79  per  cent.,  which  we  might  have  found  wdthout  exciting  any 
surprise. 
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It  will  be  noticed  that  Guiart  (Guiart  & Grimbert,  1906a,  562) 
examined  1 typhoid  case  microscopically  without  finding  evidence  of 
whipworm  infection,  but  such  infection  was  found  upon  autopsy. 
The  possibility  is  present  that  the  worms  were  all  males,  or  that  if 
females  were  present  they  were  not  ovipositing.  If  we  had  only  a 
few  negative  cases,  the  same  possibilities  would  arise  for  considera- 
tion in  our  study,  but  with  negative  results  as  to  the  whipworms  and 
eelworms  (exclusive  of  the  mites)  in  185  cases,  or  92.5  per  cent,  of 
our  cases,  it  hardly  seems  probable  that  such  possibility  (of  only 
male  infection  or  of  nonovipositing  females)  would  arise  in  185 
patients. 

Thus  it  is  seen  that  the  statistics  of  helminthiasis  in  the  Washing- 
ton typhoid  epidemic  of  1906  do  not  support  the  theory  that  the 
intestinal  worms  have  any  necessary  or  any  very  common  connection 
as  an  inoculating  agent  in  this  disease. 

SEVERITY  OF  HELMINTHIC  INFECTION. 

It  will  be  noticed  from  the  review  of  Guiart’ s papers  that  he  lays 
some  stress  upon  the  severity  of  the  infection  with  whipworms  in 
typhoid  cases,  as  judged  from  the  number  of  eggs  in  the  preparations. 
He  found  that  they  presented  an  average  of  2 eggs  per  slide,  which 
was  about  14  times  as  high  as  he  found  in  a nontyphoid  case  of 
infection  with  whipworms. 

Our  14  cases  varied  from  1 to  19  eggs  in  10  slides,  a total  of  67  eggs 
in  140  slides,  or  an  average  of  0.47  + egg  per  slide.  I have  no  exact 
statistics  of  the  intensity  of  whipworm  infection  in  nontyphoids  for 
this  District  with  which  these  figures  can  be  compared,  for  in  former 
work  on  fecal  examinations  the  findings  in  this  respect  have  not  been 
summarized  statistically.  Simply  as  a matter  of  impression  it 
occurred  to  both  Mr.  Willets  and  myself  that  the  infections  found  in 
these  typhoid  cases  averaged  rather  low  when  compared  with  the 
infections  we  found  at  the  Government  hospital  several  years  ago  in 
nontyphoids. 

TYPHOID  AND  WHIPWORM  INFECTION  COMPARED  INDIRECTLY. 

In  respect  to  age  of  patient. — According  to  statistics  summarized 
by  Stiles  & Garrison  (1906a,  71)  whipworms  are  more  common  (16.80 
per  cent  of  2,381  persons)  in  persons  below  15  years  of  age  than  at 
any  later  period  of  life;  from  5 to  10  years  of  age  the  infection  of 
203  persons  averaged  25.62  per  cent.  In  examinations  made  in  this 
laboratory  whipworm  infection  varied  (see  Stiles  & Garrison,  1906a, 
24)  as  follows : 
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Age  of  persons. 

Number 

examined. 

1 

V hip  worm  infections. 

I 200  cases  of  ty- 
phoid, 1906,  ar- 
ranged by  ages. 

Total  cases  of  ty- 
phoid, 1906,  ar- 
ranged by  ages. 

Number. 

Per  100 
persons. 

Percent. 

of  cases. 

Number 
of  cases. 

Per  cent. 

Under  15  vears 

123 

16 

13.01 

55  27.5 

271 

31.3 

15  to  30  vears 

572 

50 

10.49 

095  47.5 

a 406 

46.9 

31  to  50  vears 

1,341 

116 

8.65 

&42  , 21.0 

& 165 

19.0 

Over  50  years 

1,289 

60 

4.65 

! c7  1 3.5 

c24 

2.8 

Unknown  . 

1 , 

: 1 

“ 15  to  29  years,  inclusive.  & 30  to  49  years,  inclusive.  c 50  years  and  over. 


At  the  right  of  the  above  table,  in  their  respective  age  groups, 
are  given  the  number  of  cases  of  typhoid  examined  this  summer  for 
whipworms,  and  the  total  number  of  cases  studied  by  the  board. 
The  percentages  of  the  two  t}'phoid  groups  (200  cases  and  total  cases) 
vary  slightly,  but  not  sufficiently  to  indicate  that  the  200  cases  form 
an  unfair  basis  for  comparison. 

If  whipworms  form  the  common  inoculating  agent  of  t^^hoid,  it 
is  not  unreasonable  to  expect  that  there  should  be  some  general  par- 
allel between  the  age  groups  of  typhoid  and  of  whipworm  infection. 
From  the  above  table  it  will  be  seen  that  the  maximum  t^'phoid  age 
group  (15  to  29  years)  of  the  cases  we  examined  does  not  correspond 
with,  the  maximum  group  (under  15  years)  of  wliipworm  infection 
for  this  climate;  further,  while  there  is  a decrease  in  both  typhoid 
and  in  whipworms  in  the  next  two  age  periods  (31  to  50  years,  and 
over  50  years)  this  decrease  is  not  even  approximately  parallel. 

Thus  typhoid  and  the  wliipworm  infections  compared  on  basis  of 
ages  of  patients  examined  in  tliis  laboratory  do  not  agree  in  the  age 
groups  of  highest  infection,  while  the  percentages  in  the  remaining 
groups  are  not  even  approximate;  hence,  from  this  point  of  wew,  the 
theoiA^  under  discussion  receives  no  support  from  the  present  inves- 
tigation. 

The  comparison  made  in  the  foregoing  is  in  so  far  open  to  objection 
that  in  the  case  of  whipworm  infection  the  percentages  represent  a 
comparison  of  the  infected  persons  with  the  total  number  of  persons 
in  the  different  age  groups;  while  in  the  ti^hoid  cases  the  percent- 
ages of  infection  represent  a comparison  of  the  number  of  patients  of 
any  given  age  group  with  the  total  number  of  patients.  Thus  the 
comparison  is  not  mathematically  exact.  Nevertheless,  this  objec- 
tion is  not  so  serious  as  might  at  first  be  assumed  for  the  statistics 
on  worms  give  the  mathematical  probabilities  of  infection  for  a given 
person  in  the  respective  age  group;  and  since,  under  normal  con- 
ditions, the  proportions  in  inhabitants  ivill  decrease  from  the  youngest 
to  the  oldest  age  group,  since  further  (from  the  standpoint  of  the 
verminous  theory)  a greater  number  of  persons  under  15  years  would 
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be  subject  to  typhoid  than  of  persons  between  15  and  30  years,  we 
should  still  expect  (according  to  the  theory)  that  the  age  period 
under  15  }^ears  would  necessarily  present  a greater  proportion  of  the 
total  number  of  typhoid  patients  than  would  the  age  group  15  to  30 
years. 

In  respect  to  sex  of  patients. — Stiles  & Garrison  (1906a,  70)  have 
shown  that  in  cases  collected  from  literature  (1,543  males  and  810 
females  examined)  the  whipworm  infection  was  17.30  and  20.37  per 
cent,  respectively.  In  their  own  work  2,311  males  and  1,146  females 
examined  at  the  laboratory  showed  6.45  and  10.21  per  cent  infection, 
respectively,  with  whipworms.  Thus  from  both  the  literature  at 
large  and  the  results  of  examinations  at  this  laboratory  (based  upon 
patients  at  the  Government  and  at  the  Connecticut  hospitals)  the 
infection  with  whipworms  is  more  common  among  females  than 
among  males. 

Of  the  200  cases  of  typhoid  examined  this  summer  for  helmin- 
thiasis, 52.5  per  cent  were  males  and  47.5  per  cent  were  females  (see, 
however,  paragraph  as  to  summer  population,  p.  208).  Of  the  total 
number  of  cases  of  Uphold  (866)  studied  by  the  board,  588  cases  (67.9 
per  cent)  were  males  and  278  cases  (32.1  per  cent)  were  females. 

Accordingly  the  relative  number  of  infections  of  typhoid  in  males 
and  females  were  not  altogether  in  harmon}'"  with  the  relative  number 
of  probable  whipworm  infections  in  males  and  females,  as  judged  either 
from  the  literature  at  large  or  from  our  own  examinations. 

In  patients  from  the  District  of  Columbia,  however,  Stiles  & 
Garrison  (1906a,  18)  report  a slightly  higher  rate  of  intestinal  helmin- 
thiasis among  males  than  among  females  (8.68  and  6.20  per  100  per- 
sons, respectively),  figures  which  are  slightly  more  in  harmony  with 
the  theory  under  discussion. 

In  respect  to  race  of  patients. — Stiles  & Garrison  (1906a,  13)  have 
shown  that  in  the  District  of  Columbia  746  whites  and  378  negroes 
examined  as  to  intestinal  helminthiasis  presented  4.96  and  12.43 
infections  per  hundred,  respectively.  The  percentage  of  whipworm 
infection  was  3.75  and  9.79,  respectively. 

If  whipworms  bear  any  necessary  or  common  relation  to  typhoid, 
we  should  therefore  expect  to  find  in  the  District  a much  higher 
typhoid  rate  per  1,000  inhabitants  among  the  negroes  than  among 
the  whites.  Giving  the  theory  any  mathematical  advantage  it  may 
derive  from  the  change  in  the  Washington  population  during  the 
summer,  it  may  be  recalled  (see  p.  207)  that  the  whites  represent 
approximately  71  per  cent,  the  negroes  approximately  29  per  cent, 
of  our  inhabitants.  Assuming  an  equal  exposure  to  infection  (although 
this  assumption  gives  the  negro  an  advantage  in  the  statistics)  and 
an  equal  susceptibility  to  typhoid  (a  point  which  is  still  suh  judice) 
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we  may  divide  our  136  white  cases  by  2.45®  in  order  to  bring  them 
on  approximately  the  same  comparative  basis  as  the  negroes. 

Thus  we  have  136-^-2.45  = 55.5  white  cases  to  compare  with  64 
negro  cases  of  typhoid  (compared  on  approximately  the  same  basis), 
despite  a whipworm  infection  of  3.75  per  cent  in  nontyphoid  whites 
and  9.79  per  cent  in  nontyphoid  negroes  in  the  statistics  quoted 
above  (p.  212). 

Accordingly  a comparison  of  our  200  cases  of  typhoid  with  whip- 
worm and  the  general  infection  in  the  District  of  Columbia  vdth 
respect  to  the  race  of  the  patients  shows  that  there  was  a very  slight 
excess  (in  proportion  to  inhabitants)  of  typhoid  among  the  negroes 
we  examined  over  this  disease  among  the  whites.  This  excess  in  no 
way  compared,  however,  with  the  mathematical  probabilities  of  whip- 
worm infection  or  of  helminthiasis  in  general,  and  it  is  therefore 
possible  that  it  was  due  to  some  other  cause.  Considering,  now,  the 
change  in  our  summer  population,  whereby  the  negroes  form  a 
greater  percentage,  it  seems  possible  that  the  typhoid  excess  in 
negroes  may  have  been  due,  at  least  to  some  extent,  to  that  factor. 

The  board  had  records  of  a total  of  866  cases  reported  as  t}q)hoid. 
Of  these,  588  were  whites  and  278  were  negroes.  Reducing  these  to 
a basis  for  approximate  comparison  (588 2.45  = 240)  we  have  for 
the  entire  outbreak  240  cases  of  typhoid  among  the  whites  to  be 
compared  with  278  cases  among  the  negroes.  If  the  proportion 
obtained  from  the  cases  examined  for  worms  (55.5  to  64)  is  extended 
to  the  entire  number  of  cases  we  should  expect  241.08  white  cases  to 
278  negroes — figures  which  are  approximately  the  same  as  those 
actually  obtained  (240  to  278).  The  200  cases  examined  for  worms 
form,  therefore,  a fair  basis  for  testing  the  theory  of  inoculation  by 
worms. 

It  may  be  frankly  admitted  that  the  indirect  evidence  submitted 
in  the  foregoing  in  reference  to  age,  sex,  and  race  of  the  patients  is 
,open  to  the  criticism  that  it  is  onl}^  approximate.  Were  the  results 
of  the  microscopic  examinations  themselves  less  at  variance  with  the 
theory  under  discussion,  it  would  be  incumbent  upon  me  to  work  out 
the  indirect  evidence  on  a stricter  mathematical  basis,  but  with  such 
strikingl}^  negative  results  in  the  microscopic  work  the  indirect  evi- 
dence seems  very  secondary,  and  on  this  account  approximate 
statistics  wiW  suffice. 

Date  of  manuscript,  December  13,  1906. 

^^29  [per  cent  negroes]:  71  [per  cent  whites]=100  [negroes]:  245  [whites],  in  popula- 
tion; hence  divide  white  cases  (136)  by  2.45  to  reduce  white  and  negro  cases  to  a 
comparison  on  basis  of  relative  population. 
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1®^  dec.,  pp.  122-128.  [W^,  W™.]  See  Guiart,  1904,  pp.  122-128. 

1904,  XII,  1. — Zoologie  et  medecine.  [Address  before  6.  Intemat.  Cong.  Zool., 

Berne,  Aug.  15]  <Ibidem,  v.  9 (1),  1®^  dec.,  pp.  129-144.  [W^,  W™.] 

1905.  — Idem  <Compt.  rend.  6.  Congi-es  internat.  Zool.,  Berne  (1904),  Geneve,  pp. 
42-54.  [Lib.  Stiles.] 

Demateis. 

1899  a. — La  casuistica  elmintologica  di  Davaine  in  rapporto  colla  patogenesi  mod- 
ema  <[Riforma  med.,  Palermo  (231),  An.  15,  v.  4 (6),  7 ottobre,  pp.  63-66 • 
(232),  V.  4 (7),  9 ottobre,  pp.  74—77;  (233),  v.  4 (8),  10  ottobre,  pp.  87-90;  (234), 
V.  4 (9),  11  ottobre,  pp.  98-101.  [^’“.] 

Fearnslde,  C.  F.  [Major,  M.  B.] 

1904,  IV. — Intestinal  parasites  as  factors  in  the  mortality  of  prisonei-s  in  Cannanore 
and  Rajahmundy  jails  <[Indian  M.  Gaz.,  Calcutta,  v.  39  (4),  Apr.,  pp.  121-131, 
2 charts.  [V'“.] 

Gelart,  Jules.  [Dr.,  Prof,  agi'ege,  Faculte  de  med.,  Paris.] 

1899  a. — Le  role  pathogene  de  I’Ascarfs  lumbricoides  dans  I’intestin  de  Thomme 
<VCompt.  rend.  Soc.  de  bioL,  Par.,  v.  51,  11.  s.,  v.  1 (39),  29  dec.,  pp.  1000-1002, 
1 fig.  [^'^, 

1899  b. — Idem.  Reprint.  3 pp.,  1 fig.  8°.  Paris.  [Lib.  Stiles.] 

1900  f. — Role  pathogene  de  Pascaride  lombricoide  <[Arch.  de  parasitoL,  Par., 
V.  3 (1),  15  mai,  pp.  70-81,  1 fig.  [V’^,  W™.] 

1901  a. — Le  trichocephale  et  les  associations  parasitaires  <[Compt.  rend.  Soc.  de 

biol.,  Par.,  v.  53,  11.  s.,  v.  3 (11),  22  mars,  pp.  307-308.  [W^,  W™.] 

1902  a. — Idem.  [Abstract  of  1901  a,  by  Max  Luehe]  *<Centralbl.  f.  Bakteriol. 

Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  31  (2),  23.  Jan.,  Referate,  p.  49.  ['*\''^  V'™ 

1902  e. — Les  parasites  de  Pintestin  et  leui’s  recherches  dans  les  matieres  fecales 
<Bull.  d.  sc.  pharmacol..  Par.,  v.  6 (5),  mai,  pp.  152-157,  figs.  15-19;  (7), 
juillet,  pp.  199-208,  figs.  20-24.  [VT™.] 

1902  f. — Los  parasitos  del  intestine  y su  investigacion  en  las  materias  fecales 

[Transl.  of  1902  e]  <Monitor  de  la  farm,  y de  la  terap.,  Madrid  (243),  v.  8,  25 
junio,  pp.  209-212,  5 figs.;  (248),  25  agosto,  pp.  269-273,  figs.  20-24.  [W™.] 

1903  d. — [Le  role  pathogene  de  VAscaris  lumbricoides  dans  Pintestin  de  Phomme.] 

[Rewew  of  1899  a,  by  0.  von  Linstow]  \Ai-ch.  f.  Xafurg.,  BerL  (1896),  62.  J., 
V.  2 (3),  Juni,  p.  81.  [W^,  W®.] 

(1904). — Les  parasites  de  Pintestin,ngents  d’inoculation  de  Pappendicite  et  de  la 
fie-sTe  tj-phoide  <Bull.  Soc.  pharmacol..  Par.  v.  10,  pp.  264-273.  [V'^^.] 
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Guiart,  Jules — Continued. 

(1904). — Role  dll  trichocephale  dans  I’etiologie  de  la  fievre  t^^hoide.  [Presented 
by  R.  Blancliard,  18  oct.]  <Bull.  Acad,  de  med.,  Par.,  v.  68  (33),  pp.  239- 
245.  [W“.] 

1904,  XII,  15. — Idem.  [Abstract  of  1904,  239-245,  by  F.  Mesnil]  <Bull.  de 
I’Inst.  Pastern’,  Par.,  v.  2 (23),  15  dec.,  p.  966.  [W^,  W“.] 

1904,  XI,  26. — Idem.  [Abstract  of  1904,  239-245]  <J.  Am.  M.  Ass.,  Chicago, 
V.  43  (22),  Nov.  26,  p.  1665.  [W%  W°^.] 

1904,  XII,  I. — Idem.  [Same  as  1904,  239-245]  <Arch.  de  parasitol..  Par.,  v. 
9 (1),  P"  dec.,  pp.  122-128.  [W%  W“.] 

1904,  XI,  12. — Trichocephalus  in  relation  to  typhoid  fever.  [Abstract  of  1904, 
239-245]  <Lancet,  Bond.  (4237),  v.  167,  v.  2 (20),  Nov.  12,  pp.  1384-1385. 
[W%  W“.] 

(1904,  X). — Action  pathogene  des  parasites  de  Pintestin.  [Read  mai]  <Comp. 
rend.  Congres  colonial  frangais.  Par.,  oct.,  pp.  217-228. 

1904,  XII,  15. — Idem.  [Abstract  of  1904,  217-228,  by  F.  Mesnil]  <Bull.  de 
rinst.  Pastern',  Par.,  v.  2 (23),  15  dec.,  p.  966.  [W®^,  W“.] 

1904,  XI. — Action  pathogene  des  parasites  de  Pintestin;  appendicite,  fievre 
typhoide,  dysenterie  <Arch.  de  med.  nav..  Par.,  v.  82  (11),  nov.,  pp.  376-391. 
[W-.] 

1904,  X,  22. — Role  des  vers  intestinaux  dans  differentes  affections.  [Abstract  of 
1904,  239-245]  <(Tribune  med..  Par.,  37  annee,  n.  s.,  v.  2 (43),  22  oct.,  pp. 
682-683.  [W°^.] 

1904,  XII,  3. — The  role  of  intestinal  worms  in  various  affections.  [Abstract  of 
1904,  X,  22,  682-683]  <Med.  Rec.,  N.  Y.  (1778),  v.  66  (23),  Dec.  3,  pp. 
912-913.  [WA  W“.] 

1904,  XII. — Role  pathogene  de  Pascaride  lombricoide.  [Abstract  of  1900,  70-81, 
and  1900,  1000-1002]  <Arch.  f.  Naturg.,  Berl.,  J.  63,  v.  2 (3),  Dec.,  p.  5. 
[W%  W“.] 

1905,  I,  15. — Action  pathogene  des  parasites  de  Pintestin.  [Practically  same 
as  1904,  376-391]  <Arch.  de  parasitol.,  Par.,  v.  9 (2),  15  jan.,  pp.  175-186. 
[W%  W“.] 

1905,  XII,  15. — Idem.  [Abstract  of  1904,  175-186,  by  A.  Hem’y]  <(Rec.  de 
med.  vet..  Par.,  v.  82  (23),  15  dec.,  pp.  825-826.  [W^,  W,“^.] 

1905,  II. — Accion  patogena  de  los  parasitos  intestinales.  [Review  of , 

20  pp.  (reprint?)  by  Aristides  Agramonte]  -<Rev.  de  med.  trop.,  Habana,  v.  6 
(2),  feb.,  p.  33.  [WA] 

1905,  III,  20. — Role  de  trichocephale  dans  Petiologie  de  la  fievre  typhoide. 
[Abstract  of  1904,  239-245]  <Rev.  d’Hyg.,  Par.,  v.  27  (3),  20  mars,  pp.  286- 
288.  [\V^,  W“.] 

1905,  VII,  15. — Idem.  [Abstract  of  1904,  122-128,  by  Langeron]  -<Centralbl.  f. 
Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  36  (24—25),  15.  Juli,  Referate,  p. 
733.  [W^,  W“.] 

1905,  IV,  1. — The  role  of  Trichocephalus  in  the  etiology  of  typhoid  fever.  [Ab- 
stract of  1904,  239-245,  by  E.  L.]  <Am.  Med.,  Phila.,  v.  9 (13),  Apr.  1,  p.  546. 
[W^  W“.] 

1906,  V,  22. — Action  pathogene  des  parasites  de  Pintestin.  [Abstract  of  1904, 
I,  15,  175-186,  by  Langeron]  -<Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena, 
1.  Abt.,  V.  38  (6-8),  22.  Mai,  pp.  215-216.  [V^^,  W“^.] 
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Guiart,  Jules;  & Grimbert,  L. 

1906  a. — Precis  de  diagnostic.  960  pp.,  500  figs.,  12°.  Par.  [Lib.  Stiles.] 
Metchnikoff,  El.  [Paris.] 

1901  b. — Sur  Pappendicite;  note  helminthologique  sur  I’appendicite.  [Read  12 
mars]  Acad,  de  med.,  Par.,  3 s.,  v.  45  (10),  18  mars,  pp.  301-311.  [W“.] 

Rostovtzeff,  M.  I. 

(1902). — Rol  kishetchnykh  glist  v etiologii  perityphlita.  [Intestinal  worms  in 
etiology  of  appendicitis]  <Botkin’s  Gaz.,  St.  Petersburg  (28). 

1902,  X,  11. — Idem.  [Reviewed]  -<J.  Am.  M.  Ass.,  Chicago,  v.  39  (16),  Oct.  18, 
pp.  1012,  1017.  [V'%  W“.] 

1902,  X,  11. — The  role  of  animal  parasites  in  the  etiology  of  appendicitis.  [Re- 
view of  1902  (28)]  <Med.  News,  N.  Y.  (1552),  v.  81  (15),  Oct.  11,  p.  692. 
[W^,  W“.] 

Spezia,  Giuseppe.  [M.  D.,  Turin,  Italy.] 

1895,  IX,  16. — On  the  role  of  Trichocephalus  in  the  etiology  of  typhoid  fever. 
<Med.  Rec.,  N.  Y.  (1819),  v.  68  (12),  Sept.  16,  p.  460.  [W®',  W™.] 

Thebault,  Victor.  [Dr.] 

1901,  VII,  1. — Hemorragie  intestinale  et  affection  typhoide  causee  par  des  larves 
de  diptere  c^Arch.  de  parasitol..  Par.,  v.  4 (3),  1®’^  juillet,  pp.  353-361.  [W^, 

W“,  Lib.  Stiles.] 

Vivaldi,  M.;  & Tonello,  A. 

1905,  X,  29. — Elminti  e febbre  tifoide  <Gazz.  d.  osp.,  Milano,  v.  26  (130),  29 

ottobre,  pp.  1362-1363.  [W“.] 

1906,  II,  10. — Helminthen  und  Typhus.  [Abstract  of  1905,  X,  29,  by  Kaufmann] 

<Fortschr.  d.  Med.,  Berk,  v.  24  (5),  10.  Feb.,  p.  136.  [W^.] 
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PREVIOUS  REPORTS  UPON  TYPHOID  FEVER  IN  THE 

DISTRICT  OF  COLUMBIA. 


We  find  the  literature  upon  this  subject  so  ^\udety  scattered  and 
some  of  the  reports  so  difficult  to  obtain  that  we  have  brought 
together  in  brief  review  a collection  of  the  follovung  important  papers 
upon  the  subject. 

We  are  indebted  to  Dr.  G.  L.  Magruder  and  to  Dr.  George  M.  Kober 
for  papers  and  reprints  from  their  private  collections,  and  also  for 
information  upon  the  history  of  previous  investigations. 

A CONTRIBUTION  TO  THE  ETIOLOGY  OF  TYPHOID  FEVER.® 

[By  George  M.  Kober  (1891).] 

In  this  paper  Dr.  George  M.  Kober  reviews  the  part  played  by  soil 
pollution,  impure  water  supplies,  etc.,  and  also  the  peculiar  indi- 
vidual predisposition  favoring  the  occurrence  of  t}^hoid  fever,  and 
calls  attention  to  the  fact — 

that  the  city  of  Washington  is  supplied  with  Potomac  River  water,  and  although  the 
distance  of  the  run  is  nearly  150  miles,  it  is  a notable  fact  that  enteric  fever  prevailed 
to  an  unusual  extent  from  December,  1889,  to  April  30,  1890.  Doctor  Pool,  of  the 
health  office,  informs  me  that  the  deaths  for  these  months  fi’om  tj^hoid  fever  amounted 
to  75,  as  compared  with  42  for  the  corresponding  months  of  last  year.  This  can  not  be 
explained  by  increased  population.  Perhaps  it  is  only  a coincidence,  but  it  may  also 
conffi-m  the  conclusions  of  the  English  River  Pollution  Commission  that  “nothing 
short  of  the  abandonment  of  the  inexpressibly  nasty  habit  of  mixing  human  excrement 
with  our  drinking  water  can  confer  upon  us  immunity  from  the  propagation  of 
epidemics  through  the  medium  of  potable  waters. 

REPORT  ON  TYPHOID  FEVER  IN  THE  DISTRICT  OF  COLUMBIA. 

[By  G.  L.  Magruder,  W.  W.  Johnston,  and  C.  M.  Hammett,  Committee  of  the  Medical  Society  of  the 
District  of  Columbia,  Washington,  Government  Printing  Office,  June  14,  1894.] 

This  interesting  and  instructive  report  first  reviews  the  prevalence 
and  mortality  of  typhoid  fever  in  the  District  from  1881  to  1893, 
finding  an  almost  uninterrupted  increase  from  1881  (67  deaths)  to 
1890  and  1891  (208  deaths).  In  1892  and  1893  there  was  a decrease, 
the  deaths  numbering  183  and  186,  respectively. 

Mention  is  made  of  the  large  number  of  deaths  reported  from 
“typho-malariar’  and  malarial  fevers  in  the  District,  and  the  opinion 

® Reprint  Verhandl.  des  X.  internat.  med.  Congresses.  Berlin,  1891. 
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is  expressed  that  many  of  these  cases  were  really  typhoid  fever. 
Attention  is  called  to  the  fact  that  as  malarial  fevers  are  diagnosed 
less,  the  diagnosis  of  typhoid  fever  has  become  more  frequent.  Also 
that  the  areas  of  the  greatest  number  of  deaths  from  malarial  fevers, 
typho-malarial  fever,  and  diarrheal  diseases  coincide  with  that  of 
typhoid  fever. 

Abundant  water  supply  and  efficient  sewerage  being  so  intimately 
associated,  it  was  found  very  difficult  to  determine  what  effect  sepa- 
rately these  conditions  had  upon  typhoid  fever.  Instances  are  cited 
to  show  that  it  has  been  necessary  to  combiue  good  water  vdth  effi- 
cient sewerage  before  there  was  any  marked  reduction  in  the  typhoid 
rate. 

It  was  found  that  the  greatest  abundance  of  bacteria  in  Potomac 
water  occurred  in  January  and  February,  the  season  of  least  typhoid 
in  Washington,  while  during  August,  September,  and  October,  when 
typhoid  was  most  prevalent,  the  bacterial  counts  were  lowest.  Also 
that  turbidity  and  bacteria  ran  parallel,  in  accordance  wdth  the  raiu- 
fall  on  the  Potomac  watershed.  The  conclusion  is  reached  that  the 
possibility  of  the  introduction  of  typhoid  bacilli  into  Potomac  water 
is  dependent  upon  the  prevalence  of  the  disease  on  the  watershed, 
but  that  ^Tt  is  an  unjustifiable  conclusion  that  because  fecal  bacteria 
are  found  in  Potomac  water,  therefore  t}q)hoid  fever  is  usually  propa- 
gated by  the  drinking  of  Potomac  water.” 

The  authors  show  that  the  disease  was  more  prevalent  in  that  por- 
tion of  the  city  occupying  the  low  ground  in  the  southeast  and  south- 
west, and  attribute  this  fact  to  several  causes,  viz,  a greater  number 
of  privies  in  those  localities,  resulting  in  greater  pollution  of  the  soil ; 
leakage  from  defective  drains,  and  less  efficient  drainage  on  account 
of  the  flatness  of  the  land  and  the  backing  up  of  the  tidal  currents  into 
the  sewers,  even  in  times  of  flood,  carrying  the  sewage  into  cellars 
and  basements. 

On  account  of  the  greater  soil  pollution,  it  was  found  that  the  wells 
of  this  section  were  often  contaminated. 

The  authors  did  not  investigate  the  milk  supply  sufficiently  to 
warrant  any  extended  remarks,  stating  that — 

it  is  safe  to  assume  from  the  experience  of  many  observers  elsewhere  that  typhoid 
fever  is  to  a certain  extent  propagated  by  milk;  there  is  nothing  in  the  condition  of  the 
dairies  from  which  om’  milk  supply  is  drawn  to  make  us  think  that  we  are  better  pro- 
tected from  this  danger  than  other  communities  where  epidemics  have  been  traced 
to  milk  infection. 

The  conclusions  are  reached  that : 

1.  Typhoid  fever  increases  in  proportion  to  the  saturation  of  the  soil  with  decom- 
posing organic  matter,  especially  human  excreta,  and  to  the  drinking  of  infected 
water. 

2.  Typhoid  fever  decreases  in  proportion  as  a city  is  well  sewered,  and  in  proportion 
to  the  abandonment  of  the  drinking  of  well  water,  and  of  all  contaminated  water. 


PREVIOUS  REPORTS  UPON  TYPHOID  FEVER. 


221 


Also: 

The  daily  pollution  of  the  soil  by  the  fecal  discharges  of  our  patients  suffering  from 
typhoid  feVer  with  the  resulting  contamination  of  well  water  must  be  recognized  as 
the  chief  source  of  the  diffusion  of  the  disease. 

They  recommend : 

1.  The  immediate  abandonment  of  all  wells  within  the  city  limits,  exception  only 
to  be  made  in  case  of  absence  of  Potomac  supply  and  when  the  wells,  after  repeated 
chemical  and  bacteriological  examinations,  have  been  found  to  be  free  from  all  possible 
sources  of  danger;  but  even  these  to  be  abandoned  as  rapidly  as  possible. 

2.  Purification  of  the  sewerage  system  already  existing  by  replacing  as  rapidly  as 
possible  all  damaged  and  defective  drains. 

3.  The  introduction  of  new  sewers  in  advance  of  other  improvements  in  parts  of  the 
city  not  now  supplied  with  drainage  and  the  system  as  far  outside  of  the  city  limits 
as  the  rapidly  growing  population  demands,  so  as  to  prevent  soil  contamination. 

4.  The  adoption  of  some  system  by  which  the  lower  sections  of  the  city  can  be  more 
completely  drained  and  risks  arising  from  the  backing  up  of  tide  water  and  sewage 
prevented. 

5.  The  final  and  safe  disposal  of  sewage. 

6.  To  make  all  existing  privies,  vaults,  or  other  receptacles  of  human  excreta  water- 
tight, and  by  rigid  inspection  and  penalties  to  prevent  the  danger  from  leakage  and 
overflow. 

7.  The  early  completion  of  the  plans  recommended  by  Colonel  Elliott,  in  charge  of  the 
Washington  Aqueduct,  and  now  in  course  of  execution,  which  have  in  view  the 
sedimentation  of  the  Potomac  water,  and  ultimately  the  completion  of  works  for 
filtration,  the  only  proper  method  of  purification. 

8.  The  suppression  of  all  privies  and  the  enforcing  of  the  law  to  make  sewer 
connections. 

9.  Careful  inspection  of  all  dairies  in  the  District  from  which  our  milk  supply  is 
drawn,  and  the  enactment  of  a law  by  which  no  milk  shall  be  sold  in-  the  District 
without  a permit  from  the  health  office.  The  inspection  should  cover  an  examination 
at  the  dairies  of  all  possible  sources  of  infection,  including  the  water  supply. 

10.  The  urging  upon  the  members  of  the  profession  of  a careful  collation  of  all  the 
facts  bearing  upon  the  mode  of  infection  in  each  case  and  the  advantage  of  reporting 
such  facts  to  the  society,  and  the  propagation  of  the  doctrine  that  immediate  disin- 
fection of  the  stools  is  the  first  duty  of  the  physician  as  guardian  of  the  health  of  the 
community. 

RELATIONS  OF  WATER  SUPPLY  AND  SEWERS  TO  THE  PUBLIC 

HEALTH  OF  CITIES,  WITH  SPECIAL  REFERENCE  TO  THE  CITY 

OF  WASHINGTON.® 

[By  George  M.  Kober  (1897).] 

Dr.  George  M.  Kober,  in  an  address  before  the  Civic  Center,  Jan- 
nary  15,  1897,  referred  to  the  unusual  typhoid  situation  in  the  Dis- 
trict of  Columbia,  and  submitted  the  f ollo^ving  resolutions,  which  were 
passed  by  the  Civic  Center: 

VTiereas  the  statistics  of  the  health  ofiicer  of  the  District  of  Columbia  indicate  an 
almost  uniform  increase  and  excessive  prevalence  of  typhoid  fever  during  the  past 
fifteen  years;  and 

® Public  Health  Reports,  U.  S.  Marine  Hospital  Service,  vol.  12,  Feb.  26,  1897, 
p.  197. 
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Whereas  the  experience  of  the  civilized  world  points  to  a contaminated  water  sup- 
ply as  the  most  important  factor  in  the  causation  of  this  disease;  therefore  be  it 

Resolved,  That  we,  the  Civic  Center  of  the  City  of  Washington,  a body  composed  of 
members  who  are  working  for  the  public  good,  most  earnestly  pray  the  Senate  and 
House  of  Representatives  in  Congress  assembled  that  you  will  create  a commission 
* * * for  the  purpose  of  determining  the  present  sources  of  contamination  of  the 
Potomac  River,  and  the  measures  necessary  to  remedy,  remove,  and  prevent  such 
pollution,  if  found  to  exist. 

REPORT  OF  THE  BACTERIOLOGICAL  EXAMINATION  OF  POTOMAC 

WATER  FROM  JULY  1, 1897,  TO  FEBRUARY  28, 1898,  INCLUSIVE.^ 

[By  Passed  Assistant  Surgeons  J.  J.  Kinyoun  and  E.  K.  Sprague.] 

Passed  Assistant  Surgeon  J.  J.  Kinyoun,  director  of  the  Hygienic 
Laboratory,  and  Passed  Assistant  Surgeon  E.  K.  Sprague,  of  the 
Marine  Hospital  Service,  made  a systematic  study  of  the  bacteria 
in  Potomac  water  during  the  period  stated. 

Analyses  of  Potomac  water  were  made  semiweekly  from  a con- 
stantly flowing  tap  in  the  Hygienic  Laboratory,  using  20  cc.  at  each 
examination.  To  insure  uniform  results,  a sufficient  quantity  of 
media  was  made  in  the  beginning  to  last  during  the  entire  time. 

If  the  inoculations  failed  to  produce  organisms  showing  motility 
or  fermentation,  no  further  examination  was  made  of  that  individual 
specimen.  Those  showing  these  characteristics  were  further  studied 
and  identified,  Eisner’s  medium  being  used  to  isolate  the  bacillus  of 
typhoid  fever  and  the  colon  bacillus. 

In  no  instance  was  the  typhoid  bacillus  found,  but  on  numerous 
occasions  colon  bacilli  were  isolated.  The  colon  bacillus,  with  others 
of  this  group,  were  taken  as  an  index  of  water  pollution. 

Turbidity  and  bacteria  were  found  to  correspond  fairly  accurately, 
but  it  was  very  clearly  shown  that  during  the  period  of  least  tur- 
bidity and  bacteria,  the  sewage  organisms,  especially  colon  bacilli, 
were  relatively  much  more  abundant.  The  percentage  of  times 
colon  bacilli  were  found  was  December  and  January,  20  per  cent; 
September  and  October,  70  per  cent. 

Attention  is  called  to  the  parallelism  existing  between  the  death  rate  from  typhoid 
fever,  the  percentage  of  times  colon  was  found,  the  fermentation,  and  the  temperature 
curve;  but  at  the  same  time  that  the  above  were  high  the  number  of  organisms  per 
cubic  centimeter  was  low. 

The  anserobic  bacteria  were  present  in  greater  numbers  in  pro- 
portion to  the  aerobic  during  the  heated  season  than  at  any  other 
season  of  the  year,  and  as  they  are  a fairly  accurate  index  to  the 
amount  of  sewage  contamination  the  conclusion  was  drawn  that 
from  August  to  November  the  Potomac  River  is  more  dangerously 
polluted  than  during  other  seasons.  During  the  late  summer  and 
early  autumn  there  is  less  rainfall  to  wash  nonpathogenic  organisms 


« Annual  Report,  Marine  Hospital  Service,  1898. 
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into  the  river;  hence  the  low  counts.  There  is,  however,  an  increase 
in  the  quantity  of  house  sewage  at  this  time  of  the  year;  hence  a rel- 
ative increase  in  the  number  of  dangerous  bacteria. 

Taking  all  these  circumstances  into  consideration,  it  will  be  readily 
understood  that  instead  of  the  coincidence  of  the  highest  typhoid 
rate  with  the  lowest  bacterial  counts  being  a contradictory  condition, 
it  is  exactly  what  it  is  to  be  expected. 

The  authors  draw  this  final  conclusion: 

That  the  typhoid  death  rate,  the  presence  of  colon  bacilli,  the  fermentation  changes 
in  the  media,  and  the  temperature  should  coincide  with  one  another  is  perfectly  log- 
ical, and  there  is  but  one  conclusion  that  can  be  drawn  therefi’om — the  increased  mor- 
tality from  typhoid  and  diarrheal  diseases  is  due  to  the  increase  in  the  quantity  of 
bacteria  from  the  intestines  of  man,  which  our  citizens  are  compelled  to  digest  at  that 
time. 

vSand  filtration  was  recommended  as  the  most  practical  method  of 
purifying  the  water. 

NECESSITIES  FOR  THE  PREVENTION  OF  POLLUTION.® 

[By  G.  M.  Kober  (1898).] 

In  this  valuable  paper  Doctor  Kober  considers  the  typhoid-fever 
epidemic  at  Gumberland,  Md.,  and  its  effects  upon  the  city  of 
Washington. 

In  reference  to  our  Potomac  River,  which  is  by  no  means  a type  of  the  most  polluted 
American  rivers,  we  know  that  it  receives  the  sewage  of  Frederick,  Cumberland,  and 
Harper’s  Ferry,  besides  that  of  about  25,000  people  living  in  smaller  towns  and  settle- 
ments along  the  watershed. 

My  suspicions  that  the  typhoid  germs  may  travel  all  the  way  from  Cumberland  and 
infect  susceptible  persons  in  Washington  were  confirmed  as  early  as  the  winter  of  1889- 
90  by  studying  the  effects  of  the  typhoid  epidemic  at  Cumberland  upon  the  prevalence 
of  the  disease  in  this  city. 

The  records  of  the  health  office  show  that  during  this  epidemic,  from  December, 
1889,  to  April,  1890,  the  deaths  from  typhoid  fever  amounted  to  74,  as  compared  with 
42  for  the  corresponding  months  of  the  previous  year.  Indeed  we  had  almost  double 
the  number  of  typhoid  deaths  during  these  months  than  for  any  similar  period  either 
before  or  since  this  epidemic. 

Cumberland  had  about  45  deaths  and  485  cases;  this  city  had  74  deaths  and  about 
740  cases,  and  yet  the  starting  point  of  all  was  the  excreta  of  one  patient  washed  into  a 
little  run  which  empties  into  the  Potomac  about  300  feet  above  the  pumping  station  at 
Cumberland.  In  the  face  of  this  fact  I have  no  hesitation  in  declaring  that  our  exces- 
sive typhoid  rate  is  largely  due  to  contaminated  Potomac  water. 

Doctor  Kober  further  considers  the  sources  of  river  water,  the  char- 
acter and  extent  of  pollution,  the  significance  of  intestinal  bacteria 
in  the  water,  the  self-purification  of  rivers,  why  all  persons  are  not 
infected  with  typhoid  fever,  remedial  legislation  by  Congress,  and 

“Report  on  the  pollution  of  rivers,  by  Henry  Talbott,  chairman  of  Committee  on 
River  Pollution,  to  the  Game  and  Fish  Protective  Association  of  the  District  of  Colum- 
bia. Washington,  Government  Printing  Office,  1898,  p.  32. 
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what  will  be  accomplished  by  the  prevention  of  river  pollution,  giv- 
ing many  interesting  figures,  showing  the  comparison  between  the 
typhoid  death  rates  in  Washington  and  other  cities. 

WATER  SUPPLY  AND  SEWAGE  DISPOSAL  IN  THE  DISTRICT  OF 

COLUMBIA.^ 

In  this  report  Dr.  Samuel  G.  Busey  recounts  the  history  of  the 
efforts  to  secure  a better  water  supply  for  the  city  of  Washington, 
giving  credit  especially  to  Dr.  G.  Lloyd  Magruder,  to  whom  must  be 
awarded  the  merit  of  initiating  an  investigation  which  placed  the 
^ledical  Society  of  the  District  of  Columbia  in  the  front  in  efforts  to 
secure  a better  water  supply  for  Washington. 

This  report  dwells  especially  upon  typhoid  fever  as  a water-borne 
disease,  giving  many  instances,  and  especially  lauds  the  value  of  slow 
sand  filtration,  and  asks,  ‘^Is  it  not  reasonable  to  presume  that  if 
filtration  were  adopted  for  this  city  there  would  be  a greater  diminu- 
tion in  typhoid  fever?” 

In  this  report  Doctor  Kober  was  the  first  to  call  attention  to  the 
effects  of  the  Dalecarlia  reservoir  as  a sedimenting  basin  upon  the 
typhoid-fever  death  rate  of  Washington. 

It  is  well  known  that  sedimentation  plays  an  important  part  in  the  pmification  of 
water,  and  I will  now  direct  your  attention  to  figures  which  show  what  influence  this 
method  alone  has  exercised  upon  our  t\"phoid-fever  rates.  The  subjoined  table  gives 
the  typhoid-fever  rate  in  this  city  from  July,  1879,  to  January  1,  1898.  * * * 

The  Dalecarlia  reservoir  was  in  almost  uninterrupted  use  as  a sedimentary  basin 
from  July  1,  1879,  to  June  3,  1885.  Mark  the  comparatively  low  tj'phoid  fever  rates: 
From  June  3,  1885,  to  July  28,  1886,  the  sedimentary'  basin  was  not  in  use;  note  the 
difference.  From  July  28,  1886,  to  April  6,  1887,  it  was  in  use;  note  the  decline. 
Again  mark  the  decided  increase  when  not  in  use  from  June  20,  1888,  to  July  28,  1895, 
and  the  decided  decline  since  its  use  in  August,  1895.  It  should  be  remembered  that 
of  the  228  cases  which  occurred  from  July  1,  1895,  to  June  30,  1896,  194  deaths  occur- 
red in  1895,  and  only  34  in  the  six  months  ending  June  30,  1896.  The  very  high  rates 
for  August  to  October  are  unaccountable,  imless  due  to  local  pollution  while  the  reser- 
voir was  out  of  service.  This  table  speaks  for  itself,  and  that  bacterial  purification 
does  take  place  in  sedimentary  basins  can  not  be  questioned. 

This  document  contains,  further,  a discussion  by  Dr.  J.  J.  Kinyoun, 
then  director  of  the  Hygienic  Laboratory,  Marine-Hospital  Service, 
and  by  Dr.  Charles  Smart,  Deputy  Surgeon-General,  U.  S.  Army. 

o Report  of  the  Committee  on  the  Public  Health  of  the  Medical  Society  of  the  Dis- 
trict of  Columbia  on  the  water  supply  and  sewage  disposal  in  the  District  of  Columbia, 
and  the  discussion  thereon.  February  23, 1898,  55th  Cong.,  2d  sess.,  S.  Doc.  No,  183, 
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RELATIVE  MERITS  OF  SLOW  SAND  AND  MECHANICAL  FILTRA- 

TION.a 

This  document  contains  a report  by  Dr.  Samuel  C.  Busey,  Dr.  G. 
Wythe  Cook,  Dr.  George  M.  Kober,  Dr.  Z.  T.  Sowers,  and  Dr.  William 
C.  Woodward,  a committee  of  the  Medical  vSociety  of  the  District  of 
Columbia,  upon  the  relative  merits  of  slow  sand  filtration  and  mechan- 
ical filtration  with  special  application  to  the  problem  in  Washington. 
After  comparison  of  the  two  systems  the  installation  of  slow  sand 
filtration  is  urgently  recommended. 

THE  RELATIVE  MERITS  OF  THE  MECHANICAL  AND  THE  SLOW 

SAND  SYSTEMS  OF  FILTRATION  FOR  THE  WATER  SUPPLY  OF 

THE  DISTRICT  OF  COLUMBIA. & 

This  document  contains  a report  by  Messrs.  Rudolph  Hering, 
George  W.  Fuller,  and  Allen  Hazen.  In  consideration  of  the  full 
evidence  they  recommend  the  construction  of  a complete  system  of 
slow  sand  filters  with  such  auxilliary  works  as  may  be  necessary  for 
preliminary  sedimentation  and  the  use  of  a coagulant  for  a part  of 
the  time.  There  is  no  reason  to  believe  that  the  use  of  this  coagulant 
will  in  any  degree  affect  the  wholesomeness  of  the  water. 

PURIFICATION  OF  THE  WASHINGTON  WATER  SUPPLY,  c 

This  document  contains  a discussion  upon  sand  filtration  in  rela- 
tion to  typhoid  fever  with  special  reference  to  the  comparative 
merits  of  slow  sand  filtration  of  the  English  system  and  mechanical 
filtration  with  coagulation  known  as  the  American  system.  Those 
who  took  part'  in  the  discussion  were  Messrs.  Rudolph  Hering, 
George  W.  Fuller,  Allen  Hazen,  J.  M.  Diven,  E.  B.  Weston,  John  W. 
Hill,  George  A.  Johnson,  Dr.  J.  S.  Billings,  and  Prof.  William  P. 
Mason. 

This  document  also  contains  letters  from  Dr.  H.  D.  Geddings,  of 
. the  Marine-Hospital  Service,  Lieut.  Col.  Charles  Smart,  U.  S.  Army, 
and  Mr.  Robert  Spurr  Weston  upon  the  filtration  of  public  water 
supplies  with  special  reference  to  the  Potomac  River.  There  is  also 
an  extract  from  the  report  of  the  committee  on  the  public  health  of 
the  Washington  Board  of  Health  and  other  historical  and  documen- 
tary matter  bearing  upon  the  subject. 

® Report  made  by  a special  committee  of  the  Medical  Society  of  the  District  of 
Columbia  upon  the  relative  merits  of  slow  sand  and  mechanical  filtration.  56th  Cong., 
2d  sess,  S.  Doc.  No.  27.  [December,  1900.] 

56th  Cong.,  2d  sess.,  S.  Rept.  No.  2380.  [February,  1901.] 

c An  inquiry  held  by  direction  of  the  United  States  Senate  Committee  on  the  Dis- 
trict of  Columbia.  Edited  and  compiled  by  Charles  Moore,  clerk  of  the  Senate  Com- 
mittee on  the  District  of  Columbia.  Washington,  Government  Printing  Office  [Feb- 
ruary 19],  1901.  56th  Cong.,  2d  sess.,  S.  Rept.  No.  2380. 
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FEASIBILITY  AND  PROPRIETY  OF  FILTERING  THE  WATER  SUPPLY 

OF  WASHINGTON,  D.  C.a 

This  document  contains  a valuable  report  by  Lieut.  Col.  A. 
^Miller,  Corps  of  Engineers,  L^.  S.  Army,  upon  the  question  of  the 
Potomac  River  water  and  its  relation  to  typhoid  fever. 

Chemical  and  bacterial  analvses  of  the  river  water  are  given  and 
the  results  of  preliminary  experiments  vdth  the  English  or  slow  sand 
filters  and  the  American  or  mechanical  filters  are  described.  The 
recommendation  is  made  that  for  the  filtration  of  the  Washington 
water  supply  the  American  or  mechanical  system  of  filtration  be 
adopted. 

The  document  also  contains  a report  by  !Mr.  E.  D.  Hardy,  covering 
the  performance  of  the  experimental  filters  in  detail. 

It  also  contains  a report  by  Mr.  Robert  Spurr  Weston,  giving  the 
character  and  composition  of  Potomac  River  water,  especially  after 
subsidence  in  the  system  of  reservoirs.  Much  valuable  bacterio- 
logical and  chemical  data  are  summarized  and  the  various  systems 
of  filtration  as  applied  to  the  Potomac  water  compared.  ^Ir.  Weston 
concludes  that  the  English  system  can  be  adapted  to  the  clarification 
and  purification  of  the  Potomac  River  water  by  adding  a coagulant 
to  the  water  at  times  when  the  Potomac  water,  after  subsidence  in 
the  system  of  reservoirs,  would  contain  more  than  15  parts  of  sus- 
pended matter  per  million. 

The  American  system  can  be  adapted  to  the  clarification  and 
purification  of  the  Potomac  River  water  by  arranging  for  periods  of 
coagulant  and  supplementary  subsidence  before  filtration. 

Both  systems  would,  therefore,  certainly  improve  the  Potomac 
River  water  after  subsidence  in  the  system  of  reservoirs,  and  the 
choice  between  them  depends  entirely  upon  the  comparative  cost. 

POLLUTION  OF  THE  POTOMAC  RIVER  AND  ITS  RELATION  TO  THE 
WATER  SUPPLY  OF  THE  DISTRICT  OF  COLUMBIA. 6 

[By  Marstiall  O.  Leighton,  United  States  Geological  Surrey  (1900).] 

The  author  states  it  as  a general  law  that  while  a drainage  area  is 
inhabited  the  water  of  a river  will  inevitably  be  polluted,  the  damage 
increasing  as  the  population  increases. 

Referring  to  the  Potomac  River,  he  considers  it  grossly  abused. 
Foul  and  putrid  matter  is  deposited  in  the  main  stream  and  its  tribu- 
taries apparently  without  regard  to  the  effects  upon  the  interests 

« Letter  from  the  Secretary  of  War,  transmitting  copy  of  a communication  from  the 
Chief  of  Engineers,  Lmited  States  Army,  submitting  report  of  an  investigation  of  the 
feasibility  and  propriety  of  filtering  the  water  supply  of  the  city  of  Washington.  56th 
Cong.,  1st  sess.,  S.  Doc.  Xo.  259.  [Alarch,  1900.] 

& S.  Doc.  181,  March  1,  1905. 
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of  those  below.  These  facts  are  apparent  to  any  observer  without 
chemical  or  biological  examination. 

The  amounts,  kinds,  and  sources  of  pollution  at  the  various  points 
above  Great  Falls  are  reviewed  in  detail.  The  most  serious  sources 
of  pollution  in  the  Potomac  basin  are  at  considerable  distance  from 
Great  Falls,  but  not  sufficienth^  far  to  insure  immunity  from  danger 
in  the  domestic  use  of  raw  Potomac  water. 

There  are  two  classes  of  pollution — sewage  and  industrial  wastes. 
By  sewage  is  meant  the  wastes  occurring  in  the  life  processes  of 
mankind  and  those  resulting  from  domestic  economy.  Industrial 
wastes  are  those  resulting  from  any  industrial  process  and  which, 
having  no  tangible  value,  are  rejected. 

In  the  treatment  of  water  containing  sewage,  the  primar}^  object 
is  to  remove  pathogenic  organisms.  By  filtration,  a highly  polluted 
water  may,  within  reasonable  limits,  be  made  practically  as  pure  as 
water  containing  only  a small  amount  of  sewage. 

Industrial  wastes  offer  more  difficult  and  varied  problems,  on 
account  of  their  more  complex  composition,  difficulty  of  treatment, 
and  varied  effects.  It  involves  detailed  consideration  of  all  the 
industries  from  which  these  wastes  are  derived.  The  effects  of 
industrial  wastes  are  various,  and  in  nearly  all  cases  highly  detri- 
mental. Some  render  the  water  too  hard  for  domestic  or  industrial 
use,  some  impart  tastes,  odors,  or  colors  to  the  water. 

The  author  concludes  that  both  kinds  of  pollution  are  on  the 
increase,  and  that  the  sooner  wise  and  prohibitory  measures  are 
taken  the  less  trouble  and  expense  will  be  incurred. 

THE  POLLUTION  OF  THE  POTOMAC  RIVER  AND  ITS  DANGERS.® 

[By  Thomas  N.  McLaughlin,  M.  D.] 

In  the  presidential  address  before  the  Medical  Society  of  the  Dis- 
trict of  Columbia,  Doctor  McLaughlin  called  attention  to  the  impor- 
tance of  this  subject  to  the  people  and  physicians  of  Washington, 
illustrating  some  of  the  chief  sources  of  pollution  by  means  of  lantern 
slides,  showing  graphically  the  conditions  described. 

Secondary  to  the  pollution  of  rivers,  the  danger  of  infection  by 
oysters  fattened  in  fresh-water  estuaries  was  particularly  mentioned 
as  of  growing  importance. 

After  discussion  of  results  obtained  b}^  filtration  of  water  supplies 
of  other  cities,  he  concludes  that  ^^The  successful  operation  of  an}^ 
filtration  system  depends  upon  the  care,  trustworthiness,  and  expe- 
rience of  those  emplo3^ed  to  manage  the  system.  The  degree  of  purit}^ 
of  the  filtered  water  is  influenced  by  the  length  of  time  allowed  for 


® Washington  Medical  Annals,  January,  1906. 
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sedimentation  to  take  place,  and  the  amoimt  of  pollution  of  the 
water,  and  its  turhiditv.'' 

The  following  resolution  was  passed  bv  the  society  and  acted  upon 
by  the  president : 

Resolved,  That  the  president  of  the'society  be  authorized  to  appoint  a committee 
of  five  for  the  pmpose  of  inquiring  into  the  efficiency  of  the  city  vater-filtration  plant, 
and  to  make  such  recommendations  as  may  be  deemed  necessary*  to  secure  a clear 
and  wholesome  water  supply. 


"f  ' 
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By  Joseph  Goldberger, 

Passed  Assistant  Surgeon,  Public  Health  and  Marine- Hospital  Service. 
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DRAINAGE  BASIN. 

The  Potomac  River  is  formed  by  the  junction  of  the  North  and 
South  branches  about  25  miles  beloAA^  Cumberland.  From  this  point 
it  floAA’s  in  a southeasterly  direction  for  a distance  of  153  miles  to  the 
dam  at  Great  Falls.  It  forms  the  boundary  betAA^een  Maryland  on 
the  north  and  Virginia  and  West  Virginia  on  the  south.  In  its  course 
it  has  carved  a passage  almost  at  right  angles  across  mountain 
ridges  AARose  general  trend  is  northeast  to  southAvest,  so  that  the 
numerous  tributaries  AARich  it  receives  come  from  the  north  and  the 
south  and  have  the  general  direction  of  the  ridges  from  whose  steep 
sides  the  Avaters  rush  to  form  several  streams  of  considerable  size. 

The  North  Branch  rises  at  the  Fairfax  Stone  in  the  Avestern  part  of 
West  Virginia  and  Aoaa-s  in  a northeasterly  direction  through  a tortu- 
ous steep-banked  and  quick-spilling  valley.  At  Cumberland,  about 
80  miles  from  the  Fairfax  Stone,  it  curves  sharply  and  Avinds  its  AA^ay 
in  a southeasterly  direction  for  a distance  of  23  miles  before  uniting 
Avith  the  South  Branch. 


o Water  Supply  Paper  No.  192,  U.  S.  Geol.  Survey. 
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The  South  Branch  rises  by  two  “forks”  in  the  northern  part  of 
Highland  County,  Va.  These  flow  in  a northeasterl}^  direction  and 
unite  about  6 miles  west  of  Petersburg,  W.  Va.  The  South  Branch, 
thus  formed,  continues  in  a northeasterly  direction,  and,  as  above 
stated,  unites  with  the  North  Branch  to  form  the  mam  stream. 

At  Moorefleld  the  South  Branch  is  joined  by  the  Moorefield  River, 
a beautiful  stream  which  rises  in  the  northeastern  corner  of  Highland 
County,  Va. 

At  Harpers  Ferry,  45  miles  above  Great  Falls,  the  Potomac  is 
joined  by  the  Shenandoah  River,  which  drains  an  area  of  about  3,000 
square  miles  of  the  valley  of  Virginia,  exceeding  somewhat  in  its  drain- 
age area  the  combined  areas  drained  by  the  North  and  South  branches 
of  the  Potomac  River.  The  Shenandoah  is  formed  at  Riverton, 
W.  Va.,  by  the  confluence  of  the  North  with  the  South  Fork.  The 
South  Fork  of  the  Shenandoah  rises  by  three  “rivers,”  North,  Middle, 
and  South,  in  Augusta  County,  Va.,  which  unite  at  Port  Republic. 
The  North  Fork  of  the  Shenandoah  rises  in  the  northwestern  corner 
of  Rockingham  County,  Va.  The  two  forks,  separated  by  Massa- 
nutten  Mountain,  take  a general  northeasterly  direction,  and,  as  has 
been  stated,  unite  at  Riverton  to  form  the  main  stream,  which  con- 
tinues in  the  same  general  direction  to  Harpers  Ferry.  There  are 
several  dams,  besides  shoals  and  rapids,  which  obstruct  the  smooth 
flow  of  this  important  stream. 

The  North  Branch  of  the  Potomac,  before  it  is  joined  by  the  South 
Branch,  receives  several  tributaries,  the  most  important  of  which  are 
New  and  Patterson  creeks  from  the  south,  and  Savage  River,  Georges 
Creek,  and  Wills  Creek  from  the  north.  The  main  stream  in  its  course, 
before  it  is  joined  by  the  Shenandoah,  receives  the  Great  Cacapon 
River,  Back  Creek,  and  Opequon  Creek  from  the  south,  and  Cono- 
cocheague  and  Antietam  creeks  from  the  north. 

Below  Harpers  Ferry  and  above  Great  Falls  the  Potomac  is  joined 
by  Catoctin  Creek  (Virginia)  and  Goose  Creek  from  the  south,  and  by 
Catoctin  Creek  (Maryland),  Monocacy  River,  Seneca  Creek,  Muddy 
Branch  and  Watts  Branch  from  the  north. 

The  Potomac,  from  Fairfax  Stone  to  Great  Falls,  is  256  miles  long, 
and  it  averages  a fall  of  12  feet  a mile.  As  a whole  it  drains  narrow 
fertile  valleys  without  any  lakes  to  retard  the  flow,  making  it  subject 
to  frequent  floods.  Besides  the  natural  shoals  and  ledges  which 
obstruct  the  stream,  the  Chesapeake  and  Ohio  Canal  Company  has 
erected  dams  in  order  to  get  water  to  feed  the  canal. 

There  are  seven  of  these  dams,  each  of  which  is  numbered.  Dam 
No.  7 is  at  Cumberland,  No.  6 just  above  Great  Cacapon,  No.  5 about 
6 miles  above  Williamsport,  Md.,  No.  4 about  in  a line  from  Williams- 
port to  SI  herdstown  and  about  67  miles  above  Great  Falls,  No.  3 


at  Harper  "erry.  No.  2 half  a mile  east  of  Seneca  Creek,  and  No.  1 
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at  Little  Falls.  Depending  on  their  height,  they  cause  slack  water, 
which  extends  from  4 to  11  miles  above  each.  At  Great  Falls  is  a 
dam  above  which,  on  the  Maryland  side,  is  the  intake  of  the  Wash- 
ington aqueduct. 

The  velocity  of  flow  is  extremely  variable.  It  has  been  esti- 
mated ® that  it  takes  from  four  to  seven  days  for  the  water  to  travel 
from  Cumberland  to  Great  Falls,  a_  distance  of  176  miles. 

The  United  States  Geological  Surve}^  has  recorded  a variation  in 
the  volume  of  discharge  of  the  river  at  Point  of  Kocks,  Md.,  ranging 
from  218,700  to  900  cubic  feet  a second. 

In  Table  No.  1 is  given  the  monthlj^  run-off  for  1906  to  September 
1,  contrasted  with  the  normal,  based  on  data  fora  period  of  eleven 
years. 

Table  No.  1. — SJwuing  monthly  run-off  at  Point  of  Rtchs,  Aid. 

[Drainage  area,  9,654  square  miles.] 


DEPTH  IN  INCHES. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Normal  a 

Mean,  1906  b 

1.298 

1.790 

1.848 

.552 

2.421 

1.900 

2.008 

2.600 

1.350 

.662 

0.946 

.810 

0.741 

.527 

0.651 

1.820 

0.324 

0.514 

0.419 

1.079 

CUBIC  FEET  PER  SECOND. 


15,200  I ' I 

I I ! _ 

a Calculated  from  data  for  eleven  years,  1895  to  1905,  in  Bulletin  No.  3,  Geological  Series,  Virginia 
Department  of  Agriculture  and  Immigration. 
b Obtained  from  U.  S;  Geological  Survey. 

In  Table  No.  2 is  given  the  mean  monthly  precipitation,  and  in 
Table  No.  3 the  mean  monthly  temperature  for  the  Potomac  basin 
from  January  to  September,  1906. 

In  order  to  bring  out  such  relation  as  may  exist  between  the  pre- 
cipitation, run-off,  temperature  of  the  Potomac  basin,  and  the  preva- 
lence of  typhoid  in  Washington,  their  curves  and  that  for  the  typhoid 
mortality  of  Washington  have  been  plotted  in  figures  1,  2,  3,  and  4. 

Table  No.  2. — Precipitation. 


[Depth  in  inches.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Normal 

1906 

2.54 

2.66 

2.99 

1.07 

3.35 

4.49 

3.00 

2.42 

4.00 

2.28 

4.00 

6.26 

3.96 

3.88 

3.58 

8.41 

2.78 

2.70 

2.45 

2.84 

a Captain  Gaillard,  Annual  Report  of  the  Chief  of  Engineers,  U.  S.  A.,  1894,  cited 
in  manuscript  of  the  U.  S.  Geological  Survey  on  the  hydrography  of  the  Potomac. 


Mean,  1906 ,14,990  ^ 5,116  15,900  22,440  . 5,538  ' 7,007  4,406 
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Table  No.  3. — Temperature. 
[In  degrees,  Fahrenlieit.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Normal 

30.7 

30.4 

41.6 

51.0 

62.8 

70.0 

74.6 

72.4 

66.4 

54.7 

42.8 

33.7 

1906 

37.6 

32.5 

35.1 

53.7 

63.0 

70.8 

72.7 

74.3 

The  drainage  basin  of  the  Potomac  extends  into  four  States — 
namely,  Pennsylvania,  Maryland,  Virginia,  and  West  Virginia — and 
at  Great  Falls  measures  11,400  square  miles.  It  is  crossed  from 
north  to  south  by  a series  of  parallel  ranges,  which  constitute  part  of 
the  Allegheny  system.  In  general,  the  soil  in  the  basin  is  fertile  and 
is  under  cultivation.  In  the  mountains  cattle  raising  and  lumbering 
are  the  chief  industries,  while  in  the  region  of  Cumberland  enormous 
quantities  of  coal  are  mined  every  year.  Scattered  through  the  basin 
on  the  banks  of  the  Potomac  and  its  numerous  tributaries  are  tan- 
neries of  varying  importance.  In  the  larger  towns  there  are  manu- 
facturing industries  of  various  kinds. 

The  population  of  this  area  was  estimated  in  1900  to  be  about 
500,000,  or  about  44  per  square  mile.  Of  this  population  about  one- 
sixth  is  concentrated  in  places  of  over  4,000  each.  The  distribution 
of  the  population  and  its  relation  to  Washington  will  be  best  under- 
stood by  reference  to  Table  No.  4 and  the  map  which  accompanies 
this  report. 

THE  CHESAPEAKE  AND  OHIO  CANAL. 

Skirting  the  Maryland  bank  of  the  Potomac  from  Cumberland  to 
Georgetown  is  the  Chesapeake  and  Ohio  canal.  It  is  built  on  the 
surface  of  the  land,  but  becomes  one  with  the  river  at  two  points, 
namely,  for  about  3 miles  above  Dam  No.  5 and  for  about  half  a 
mile  above  Dam  No.  4,  and  is  carried  over  Conococheague  Creek 
and  the  Monocacy  River  by  two  aqueducts.  It  is  about  160  miles 
long  and  is  constructed  for  a depth  of  6 feet  tlmoughout,  but  varies 
in  width  in  different  sections  from  55  to  65  feet  at  the  surface  and 
from  31  to  41  feet  at  the  bottom.  The  total  fall  from  Cumberland  to 
Georgetown  is  about  610  feet,  broken  by  74  locks. 

The  canal  has  one  intake  at  Cumberland  and  is  fed  at  six  addi- 
tional points  in  its  course.  It  will  be  remembered  that  the  canal 
compan}^,  to  enable  it  to  get  water  for  this  purpose,  dammed  the 
river  at  several  points.  It  receives,  besides,  a few  small  streams  and 
dry  runs,  but  as  a rule  all  streams  pass  beneath  the  canal  through 
masomy  culverts  directly  into  the  river.  To  prevent  overflow 
sluices  are  provided  which  carry  the  excess  of  water  directly  into 
the  river.  At  times  of  flood,  however,  portions  of  the  canal  are 
under  water. 

The  velocity  of  flow  in  the  canal  varies  considerably  in  different 
sections,  but  is  assumed  to  be  about  1 mile  an  hour.  A tide  lock  con- 
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nects  Rock  Creek  basin  at  the  foot  of  the  canal  with  the  Potomac  at  that 
point.  The  canal  season  is  about  eight  months  long.  Its  ser^hce 
is  discontinued  in  the  winter  months  after  di’aining  off  the  water. 

RAILROADS. 

Several  important  railroad  lines  are  found  in  the  Potomac  basin. 
From  east  to  west  there  are  the  Western  Maryland  and  the  Baltimore 
and  Ohio  raihoads.  Following  the  windings  of  the  North  Branch 
down  as  far  as  Piedmont,  W.  Va.,  is  the  Western  Maryland.  At 
Piedmont  it  is  joined  b}'^  the  Baltimore  and  Oliio.  These  two  lines 
of  raihoad  then  run  side  by  side  as  far  as  Cumberland,  where  they 
part,  the  Western  Maryland  skirting  the  north  bank  as  far  as  Wil- 
liamsport, Md.,  where  it  leaves  the  river,  while  the  Baltimore  and 
Ohio  Railroad  follows  the  south  bank  to  Harpers  Ferry,  where  it 
crosses  to  the  Mar^dand  side,  which  it  closel}^  follows  as  far  down  as 
Point  of  Rocks.  From  north  to  south  the  basin  is  traversed  by  the 
Cumberland  Valiev  and  the  Norfolk  and  Western  railroads,  the 
former  crossing  the  Potomac  at  MTlliamsport,  Md.,  and  the  latter  at 
Shepherdstown,  W.  Va. 

Table  No.  4 — Population  in  Potomac  drainage  basin. 

PLACES  ABOVE  4,000  POPULATION. 


Town. 

Distance 
above 
Great 
Falls,  in 
miles,  a 

Popula- 

tion 

(census  of 
1900). 

Town. 

Distance 
above 
Great 
Falls,  in 
miles,  a 

Popula- 

tion 

(census  of 
1900). 

Frederick,  Md 

Hagerstovm,  Md 

47 

76 

86 

87 

121 

127 

176 

9,296 
13,591 
7, 564 
5, 396 
5, 161 
8, 864 
17, 128 

Piedmont,  Westernport, 
Luke  & 

207 

223 

224 

4,623 

7,289 

5,274 

Martinsburg,  W.  Va 

Staunton,  Va 

Wajmesboro,  Pa 

j .Frostburg,  Md 

Winchester,  Va 

Chamber sburg,  Pa 

Cumberland,  Md 

Total 

84, 186 

PLACES  1,000  TO  4,000  POPULATION. 

Leesburg,  Va 

19 

1,513 

Mount  Savage,  Md 

186 

2,000 

Brunswick,  Md 

39 

2,471 

H^rndman,  Pa 

190 

1,242 

Shepherdstown,  W.  Va 

56 

1,184 

Keyser,  W.  Va 

202 

2,536 

Charles  Town,  W.  Va 

57 

2,392 

Harrisonburg,  Va 

211 

3,521 

Sharpsburg,  Md 

60 

1,030 

Barton,  Md 

213 

a 1,287 

Westminster,  Md 

63 

3,199 

Lonaeoning,  Md 

216 

2, 181 

Littlestown,  Pa 

78 

1,118 

Midland,  Md 

219 

a 1,800 

Williamsport,  Md 

82 

1,472 

Ocean,  Md 

220 

a 1,500 

Gettysburg,  Pa 

83 

3, 495 

Front  Royal,  Va 

97 

1,009 

! Total 

1 

41, 445 

Greencastle,  Pa 

104 

1, 463 

Remaining  population 

Woodstock,  Va 

127 

1,069 

(rural) 

374, 567 

Luray,  Va 

139 

1,147 

; Towns  over  4,000 

84, 186 

Shenandoah,  Va 

165 

1,220 

^ Total  population  . . 

500, 198 

Eckhart  Mines,  Md 

186 

a 1, 600 

a From  U.  S.  Geological  Survey.  & These  three  towns  are  practically  one  place. 

Population  per  square  mile,  44. 
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POLLUTION  OF  THE  POTOMAC  RIVER. 

In  considering  the  character  and  sources  of  the  pollution  of  the 
Potomac  attention  was  given  primarily  to  pollution  by  sewage. 
Mention  is  made  incidentally  of  such  industrial  pollution  as  is  believed 
has  an  important  influence  on  the  character  of  the  water. 

Starting  at  the  Fairfax  Stone  and  proceeding  down  the  North 
Branch  the  first  town  to  merit  consideration  is  Dobbin,  W.  Va. 
This  town  was  credited  with  a population  of  581  in  1900.  A few  of 
the  privies,  which  are  here  in  general  use,  directly  pollute  the  river. 

Four  miles  below  Dobbin  is  Bayard,  W.  Va.  This  town  had  a 
population  of  540  in  1900.  It  is  without  a public  water  supply. 
Buffalo  Creek  flows  through  the  town  and  receives  some  pollution 
from  privies.  From  the  imperfect  records  available  it  appears  that 
at  least  three  deaths  from  typhoid  fever  occurred  here  in  1905, 
showing  a probable  occurrence  of  30  cases  during  the  same  period. 

Between  Harrison,  W.  Va.,  and  Blaine  the  river  is  polluted  by  some 
20  to  25  privies  on  its  edge. 

Blaine,  situated  on  both  banks  of  the  river,  is  a town  of  about  400 
population,  1 mile  below  Harrison.  It  is  vdthout  public  water 
supply  or  sewerage.  Private  wells  and  cisterns  are  in  use  and  latrines 
are  universal,  some  of  which  pollute  the  river  and  a race  which  supplies 
power  to  a woolen  mill.  In  time  of  freshet  the  river  scours  out  a 
large  proportion  of  the  privies  in  the  low-lying  part  of  the  town. 

Savage  River  joins  its  waters  with  that  of  the  North  Branch  at 
Bloomington.  Its  chainage  area  of  about  348  square  miles  is  but 
sparsely  populated,  so  that  the  water,  relatively  unpolluted  and  in 
volume  nearly  equal  to  that  of  the. North  Branch  at  this  point,  dilutes 
the  impurities  and  so  greatly  improves  the  character  of  the  latter. 

Luke,  Md.,  is  a town  that  has  been  built  up  by  the  West  Virginia 
Pulp  and  Paper  Company,  which  employes  about  800  men,  many  of 
whom  come  from  the  neighboring  cities  of  Westernport  and  Pied- 
mont. Practicall}^  all  of  the  sewage  created  at  this  point,  together 
with  the  waste  from  the  factory,  goes  into  the  river.  The  water 
supply  of  the  town,  pumped  by  the  factory,  comes  from  the  Savage 
River  and  is  the  same  as  that  of  Westernport  and  Piedmont. 

A few  cases  of  typhoid  occur  annually.  One  or  two  cases  were 
present  at  the  time  of  my  visit,  though  no  death  due  to  this  disease 
has  been  registered  in  Luke  since  June,  1904. 

One  mile  below  Luke  are  Westernport,  Md.,  and  Piedmont,  W.  Va. 
The  three  towns  really  form  one  community,  with  a combined  popu- 
lation of  about  5,000.  Both  Piedmont  and  Westernport  have  sewer- 
age systems,  that  of  the  former  emptying  directly  into  the  river, 
while  that  of  the  latter  empties  into  Georges  Creek.  The  two  cities 
have  a common  public  water  supply  pumped  from  the  Savage  River 
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the  factory  at  Luke;  a change  of  intake  is  being  made  so  as  to 
make  it  a gravity  system. 

Typhoid  fever  occurs  annually  in  both  tovms.  The  unsatisfactory 
records  obtainable  for  Piedmont  would  indicate  the  occurrence  of 
about  ten  cases  annually  there.  In  Westernport  there  was  a record 
of  one  death  from  this  disease  in  1903,  one  in  1904,  one  in  1905,  and 
one  in  March,  1906.  There  was  said  to  be  a little  more  of  this  disease 
in  both  towns  this  year  than  in  1905. 

Georges  Creek  joins  the  North  Branch  at  Westernport.  Its  waters 
are  badly  polluted  by  drainage  from  mines.  At  its  head  is  the  town 
of  Frostburg,  which  is  without  a sewerage  system,  so  that  the  pollution 
of  the  creek  with  sewage  is  indirect. 

About  midway  between  Frostburg  and  Westernport  is  the  mining 
town  of  Lonaconing,  having  a population  of  2,181.  It  has  a public 
water  suppl}^  derived  from  two  mountain  streams,  but  it  has  no  public 
sewerage  system,  though  there  are  some  sewers  which  serve  a few 
houses,  stores,  and  hotels;  these  sewers  empty  into  Georges  Creek,  as 
do  many  privies  which  directly  overhang  the  stream. 

Some  cases  of  typhoid  occur  annually.  In  1904  three  deaths  from 
the  disease  are  recorded,  implying  an  occurrence  of  about  30  cases  of 
the  disease.  In  1905  seven  deaths  were  recorded,  whereas  only  one 
death  from  this  disease  has  been  recorded  up  to  September  15,  1906. 

Five  miles  below  Westernport  is  the  city  of  Keyser.  This  is  an 
enterprising  tovm  having  a population  of  about  2,684.  It  derives  its 
importance  largely  from  the  fact  that  it  is  a division  point  on  the 
Baltimore  and  Ohio  Railroad,  which  has  large  shops  here.  There  is 
also  a large  woolen  mill  located  at  this  point.  The  river  here  is  pol- 
luted by  the  waste  fromi.  the  mill  and  the  sewage  of  its  emplo^^ees, 
which  directly  enter  the  stream.  New  Creek,  which  flows  through 
Keyser  and  joins  the  North  Branch  at  this  point,  receives  the  sewage 
of  the  tovm.  The  tovm  is  prett}^  well  sewered,  although-  numerous 
privies  are  still  in  use,  which  probably  are  responsible  for  much  of  the 
typhoid  prevailing  here  every  year;  for,  although  there  is  a public 
water  supply  derived  from  a near  by  mountain  spring,  a considerable 
number  of  wells  are  still  in  use. 

Keyser  has  a rather  unenviable  reputation  for  typhoid.  Cases 
occur  every  year.  In  1904  it  had  ten  deaths  from  this  cause.®  There 
has  been  a good  deal  of  typhoid  this  year,  more  than  in  1905,  but  no 
definite  data  are  available. 

From  Keyser  the  North  Branch  flows  on  for  26  miles  to  Cumberland, 
where  it  is  joined  from  the  north  by  Wills  Creek. 

Wills  Creek  rises  on  the  western  slope  of  Savage  Mountain,  Som- 
erset County,  Pa.,  and  runs  northwest  to  Mance,  where  it  turns  and 


a Public  Health  Reports,  July  20,  1906,  p.  843. 
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flows  east  to  Hyndman.  It  is  polluted  by  the  filth  from  prhdes  at 
several  minor  points  before  it  reaches  Hyndman,  which  is  the  largest 
town  on  the  creek. 

Hyndman  has  a public  water  supply  from  a near  by  mountain 
spring.  Privies  are  in  general  use;  but  there  is  one  sewer,  which 
serves  a few  houses,  the  bank,  and  hotels.  A tannery  on  the  east 
side  of  the  creek  pollutes  the  stream  with  the  sewage  of  its  55 
employees.  Four  or  five  cases  of  typhoid  were  reported  this  year  to 
September  15. 

At  Corrigan ville  the  creek  is  joined  by  Jennings  Pun,  which  heads 
at  Frostburg  and  in  its  course  becomes  charged  with  large  quantities 
of  mine  water  and,  at  Blount  Salvage,  with  the  water  of  Mount  Savage 
Pun,  bringing  its  burden  of  pollution  from  a fire  clay  mine  and  the 
filth  of  overhanging  privies. 

Combined  with  the  waters  of  Jennings  Pun,  Wills  Creek  flows  on, 
being  joined  at  the  Narrows  by  Braddock  Pun,  the  waters  of  which 
are  polluted  by  privies  at  Eckhart  mines  and  again  by  large  privies 
at  Allegheny  Grove,  a camping  and  picnic  resort.  Pecently  a tunnel 
has  been  completed  near  Clarysville  and  the  mine  water  from  Eckhart 
and  Hofiman  mines,  which  has  heretofore  been  pumped  into  Georges 
Creek,  will  be  diverted  into  Braddock  Pun  by  this  route. 

Passing  through  “The  Narrows,’’  Wills  Creek  reaches  a dam  at  the 
tannery  of  the  United  States  Leather  Company,  which  diverts  more 
or  less  of  its  flow  into  a mill  race,  which  flows  through  the  city  of 
Cumberland  and  into  the  basin  of  the  Chesapeake  and  Ohio  Canal. 
In  times  of  low  water  there  is  no  flow  over  the  dam,  all  the  water 
passing  into  the  race;  at  other  times  the  excess  goes  on  over  the  dam 
and  flows  through  Cumberland  to  the  head  of  the  Chesapeake  and 
Ohio  Canal,  into  which,  through  the  head  gates,  much  of  this  filth- 
laden water,  more  or  less  mixed  with  that  of  the  North  Branch, 
passes.  Just  below  this  point  is  Dam  No.  7. 

The  relation  that  Wills  Creek,  the  mill  race,  the  canal,  the  river,  and 
Dam  No.  7 bear  one  to  the  other  at  this  point  is  of  great  practical 
interest  to  both  Cumberland  and  Washington. 

Cumberland,  the  largest  city  on  the  Potomac  watershed  above 
Washington,  is  estimated  to  have  a population  of  about  20,000.  It 
has  a public  water  supply  taken  from  the  river  about  a mile  above 
where  Wills  Creek  joins  it.  The  w^ater  from  this  intake  flows  to  a 
well  at  the  pumping  station,  which  is  in  the  park  on  the  river’*s  edge 
just  above  the  mouth  of  Wills  Creek.  The  old  intake  was  at  this 
point,  but  was  sealed  up  when  the  change  to  the  new  was  made.  It 
appears,  however,  that  the  seal  no  longer  serves  its  purpose,  for  when 
the  river  is  sufficiently  high  water  flows  into  the  well  through  this 
intake.  Water  from  private  wells  and  cisterns  is  used  to  a consider- 
able extent.  A very  large  part  of  the  city  is  sewered ; the  sewers 
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empty  into  the  river,  Wills  Creek,  the  mill  race,  and  the  canal  basin. 
The  portion  of  Wills  Creek  floYdng  through  the  city  is  practically  an 
open  sewer;  it  is  overhung  by  privies  and  receives  much  industrial 
waste. 

The  slackwater  caused  by  Dam  No.  7 becomes  in  times  of  drought 
a practically  stagnant  crescent-shaped  pool,  one  arm  of  the  crescent 
being  formed  by  the  river  and  the  other  by  the  creek.  This  circum- 
stance, while  favorable  to  the  purification,  by  sedimentation,  of  what 
is  practically  dilute  sewage,  can  not  be  other  than  a matter  of  grave 
concern  to  Cumberland,  whose  intake,  it  will  be  remembered,  is  only 
1 mile  above.  When  the  water  is  so  low  that  none  passes  over  the 
dam,  all  the  water  flows  into  the  canal.  It  follows,  therefore,  that  at 
such  a time , all  the  sewage  and  industrial  waste  of  Cumberland  finds 
its  way  into  the  Chesapeake  and  Ohio  Canal. 

During  the  winter,  when  the  water  of  the  canal  is  drawn  off,  the 
race  discharges  into  the  basin  as  usual,  but  joins  the  river  at  the 
foot  of  the  basin  below  Dam  No.  7. 

A good  deal  of  typhoid  fever  occurs  in  Cumberland.  The  record 
for  1905  was  21  deaths — a mortality  of  105  per  100,000.  From 
January  1 to  July  1,  1906,  there  were  recorded  11  deaths  from 
typhoid,  an  increase  of  4 over  the  corresponding  period  of  1905,  as 
may  be  seen  from  the  following  tabulation.® 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1905 

0 

2 

2 

2 

0 

1 

1 

1 

2 

4 

5 

1 

1906 

2 

2 

4 

0 

1 

2 

The  Chesapeake  and  Ohio  Canal. — The  Cumberland  basin  of  the 
Chesapeake  and  Ohio  Canal,  as  has  been  described,  is  fed  by  water  from 
Wills  Creek  and  the  North  Branch,  which  brings  with  it  much,  and 
at  times  all,  of  the  sewage  of  Cumberland,  much  of  which  is  precipi- 
tated at  this  point  as  is  shown  by  the  fact  that  the  canal  company 
finds  it  necessary  to  dredge  out  the  basin  about  every  other  spring. 
This  diluted  and  partly  purified  sewage  flows  on  down  the  canal.  At 
Dam  No.  6 it  is  further  diluted  by  the  water  which  is  fed  to  the  canal 
at  this  point  and  which  is  largely  water  from  the  South  Branch.  A 
half  mile  above  Dam  No.  5 and  about  88  miles  above  Great  Falls  this 
diluted  and  more  or  less  purified  canal  water  joins  the  river.  At  the 
dam  the  canal  again  takes  its  separate  way  to  join  the  river  once 
more  about  miles  above  Dam  No.  4,  and  to  be  one  with  it  for  a 
distance  of  about  3 miles.  This  union  takes  place  about  71  miles 
above  Great  Falls.  In  the  rest  of  its  course  the  canal  remains  sepa- 
rate from  the  river,  but  at  each  of  the  dams  it  takes  fresh  supplies  of 


a Obtained  from  Dr.  John  S.  Fulton,  secretary  State  board  of  health  of  Maryland. 
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water,  some  of  wliich  is  lost  by  seepage,  and  some  returns  to  the  river 
by  leakage  through  the  masomy  culverts  or  aqueducts,  or  at  the 
sluice  gates  before  mentioned.  In  its  course  the  canal  is  polluted 
by  the  sewage  of  canal-boat  crews  and  by  a few  privies  of  lock  keepers 
and  others. 

From  Dam  Xo.  7 the  North  Branch  flows  on  to  Patterson  Depot, 
where  it  is  joined  from  the  south  by  Patterson  Creek,  whose  drainage 
area  of  about  280  square  miles  is  but  sparsely  populated.  Alaska 
and  Burlington,  with  a population  of  about  200  in  the  former  and 
300  in  the  latter,  are  the  largest  to^vns  in  its  valley.  Such  records 
as  are  available  indicate  that  cases  of  typhoid  fever  occiu:  at  both 
these  points. 

Augmented  by  the  waters  of  Patterson  Creek,  the  North  Branch 
flows  on,  and  2 miles  below  Green  Spring  unites  with  the  South  Branch 
to  form  the  main  stream. 

The  area  drained  by  the  South  Branch  and  its  tributaries,  though 
exceeding  somewhat  that  drained  by  the  North  Branch  and  its  tribu- 
taries, has  less  than  one-tliird  the  population  of  the  latter  and  its 
waters  are  proportionately  even  less  polluted.  Rising  in  Highland 
County,  Va.,  it  receives  its  first  serious  pollution  at  Franklin,  TV.  Va., 
the  county  seat  of  Pendleton  County.  Franklin  has  a pubhc  water 
supply  from  a mountain  spring,  but  a few  wells  are  also  in  use. 
Privies  are  in  general  use.  There  are,  however,  two  private  sewers 
that  lead  to  the  bottoms  near  the  river  in  the  neighborhood  of  which 
the  soil  from  the  privies  is  deposited,  to  be  washed  away  by  occasional 
floods. 

Cases  of  typhoid  fever  occur  tlmough  the  county,  though  their 
numbers  are  few  so  far  as  may  be  inferred  from  the  very  unsatisfac- 
tory and  deficient  records  available. 

About  35  miles  below  Franklin  is  Petersbmg,  TV.  Va.,  the  county 
seat  of  Grant  County.  It  was  credited  with  a population  of  312  in 
1900.  There  is  no  public  water  supply;  wells  are  depended  upon. 
Privies  are  in  general  use,  some  of  which  are  close  to  the  margin  of 
a mill  race,  which  also  receives  a private  sewer  serving  one  house. 
All  surface  drainage  of  course  finds  its  wav  either  directlv  or  bv  wav 
of  the  mill  race  into  the  North  Branch.  Typhoid  is  of  somewhat 
more  frequent  occurrence  here  than  at  Franklin;  a few  cases  occur 
every  year.  This  difference  may  perhaps  be  in  part  accounted  for 
by  the  better  water  supply  at  Franklin. 

About  12  miles  below  Petersbmg  is  TIoorefield,  with  a population 
of  460.  It  is  the  county  seat  of  Hardy  County,  TV.  Va.  It  has  a 
public  water  supply  pumped  from  the  TIoorefield  River  above  its 
jimction  with  the  South  Branch.  Privies  are  in  general  use,  although 
a sewerage  system  is  being  put  in  which  will  discharge  into  the  river 
below  the  tovm.  No  satisfactory  data  are  available  for  judging  the 
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degree  of  the  prevalence  of  typhoid,  but  in  conversation  with  one  of 
the  local  practitioners  I learned  that  a considerable  number  of  cases 
occur  annual^. 

The  largest  tovm  on  the  South  Branch  is  Romney,  W.  Va.,  and 
it  is  the  only  other  town  to  contribute  to  it  any  serious  pollution. 
In  1900  it  had  a population  of  580.  It  is  the  county  seat  of  Hamp- 
shire County,  W.  Va.,  and  boasts  of  a public  water  supply  from  a 
mountain  spring.  It  has  no  sewerage  system.  A State  school  for 
the  deaf  and  blind,  having  225  to  250  pupils,  is  located  here;  the 
school  has  a private  sewer  which  discharges  into  Big  Run,  a creek 
joining  the  South  Branch  about  a mile  below  town.  The  smface 
drainage  of  the  town  is  into  the  river. 

A case  or  two  of  typhoid  occurs  in  the  town  every  year,  said  to 
be,  but  rarely,  of  local  origin. 

Returning  to  the  main  stream  we  reach  the  tovm  of  Paw  Paw, 
about  2 miles  below  the  mouth  of  the  Little  Cacapon  River.  The 
to^vn  is  an  insignificant  one,  but  has  a tanner}^  and  is  the  shipping 
point  for  the  peach  growers  of  the  vicinity.  The  tannery  discharges 
the  sewage  of  its  140  employees  with  the  waste  directly  into  the  river. 
There  is  neither  public  water  supply  nor  sewerage.  Being  situated 
on  a hillside,  the  place  is  naturally  well  drained,  all  the  surface  drain- 
age going,  of  course,  into  the  river. 

A good  deal  of  typhoid  occurs  here  every  year,  more  cases  occur- 
ring in  the  country  and  among  the  fruit  pickers  than  in  the  town 
itself.  The  occurrence  of  the  disease  among  the  fruit  pickers,  while 
of  relatively  minor  importance  so  far  as  pollution  of  the  river  is  con- 
cerned, is  worthy  of  consideration  in  connection  with  the  question 
of  the  possibility  of  the  spread  of  the  disease  b}^  the  fruit,  some  of 
winch  can  hardly  escape  being  soiled. 

A little  below  the  village  of  Great  Cacapon  the  Great  Cacapon 
River  joins  its  waters  with  those  of  the  Potomac.  The  Great  Caca- 
pon is  a considerable  stream,  having  a dramage  area  of  670  square 
miles,  with  a population  of  about  18  to  the  square  mile.  There  are  no 
towns  of  importance  in  its  basin. 

About  10  miles  below,  and  108  miles  above  Great  Falls,  on  the 
Maryland  side,  is  Hancock.  This  is  a tovm  of  about  900  population, 
and  of  importance  because  of  the  recent  advent  of  the  Western 
Maryland  Railroad.  It  has  no  public  water  supply  nor  sewerage,  but 
two  hotels  and  the  railway  depot  sewer  into  the  river. 

Some  cases  of  typhoid  occur  here  every  year.  Two  deaths  from 
this  disease  have  been  recorded  since  January  1 (to  September  2), 
1906. 

Opposite  and  slightly  below  Hancock  is  the  Brosius  depot,  on  the 
line  of  the  Baltimore  and  Ohio  Railroad.  Here  the  waters  of  Warm 
Spring  Run,  polluted  at  Berkeley  Springs,  join  the  Potomac. 
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Berkeley  Springs,  the  county  seat  of  Morgan  County,  W.  Va.,  has 
a population  of  about  800,  which  is  much  augmented  during  the 
summer.  It  takes  its  water  from  thermal  springs.  It  has  no  public 
sewerage,  but  the  hotels  sewer  into  the  run  about  a half  mile  below 
the  town. 

Scattered  cases  of  typhoid  occur  throughout  the  county,  and 
while  few,  if  any,  originate  in  the  toYTi  itself,  the  fact  of  its  being  the 
county  seat,  a summer  resort,  health  resort,  and,  in  other  words,  a 
place  to  which  people  would  go  who  were  suffering  from  the  vague 
symptoms  of  the  invasion  of  typhoid,  or  who  were  convalescing  from 
the  disease  and  perhaps  still  discharging  the  bacilli  with  their  excre- 
tions, raises  it  considerably  in  importance. 

Some  miles  below  Hancock  the  Chesapeake  and  Oliio  Canal  enters 
and  becomes  one  with  the  river  for  a distance  of  about  one-half  mile, 
resuming  its  separate  way  at  Dam  No.  5,  6 miles  above  Williamsport. 

At  Williamsport,  82  miles  above  Great  Falls,  Conococheague  Creek 
joins  the  Potomac.  Conocochea^e  Creek  drains  a well-populated 
area  of  580  square  miles.  It  rises  in  Adams  County,  Pa.,  and  receives 
its  first  important  pollution  from  Chambersburg. 

Chambersburg,  Pa.,  a towm  having  a population  of  8,864,  and 
removed  127  miles  above  Great  Falls,  has  a public  water  supply 
dravm  from  the  creek,  but  no  sewerage  system.  Cesspools  are  in 
general  use,  but  there  are  three  or  four  private  sewers,  which  empty 
into  the  creek  and  which  serve  three  or  four  hotels,  the  trust  com- 
pany, the  court-house,  an  industrial  establishment  with  300  employ- 
ees, some  40  or  50  private  dwellings,  and  a school  for  girls.  Through 
its  little  tributary.  Falling  Spring  Bun,  it  receives  additional  pollu- 
tion from  a steam  laundry,  from  the  Cumberland  Valley  Baihoad 
shops  and  office  building,  where  there  are  in  all  some  300  men;  from 
a shoe  factory  it  receives  the  sewage  of  90  employees.  The  creek  is 
also  polluted  by  the  sewage  from  the  Western  Maryland  Baihoad 
depot  and  by  the  offal  of  tlmee  slaughterhouses. 

Some  cases  of  typhoid  occur  here  every  year.  Ten  cases  were 
reported  between  Januar}^  1 and  September  1,  1906. 

About  20  miles  below  Chambersburg  the  creek  is  joined  by  a little 
stream — Moss  Bank  Bun.  This  stream  reaches  the  eastern  part  of 
Greencastle,  where  its  waters  sink  into  the  ground  apparently  to 
reappear  on  the  tovm’s  western  edge.  In  its  subterranean  course 
it  is  probably  polluted  by  the  cesspools  of  the  city.  The  tovm  has  a 
population  of  1,463.  A water  company  supplies  it  vdth  water  from 
two  springs  2 miles  east  of  the  city. 

Five  miles  below  Greencastle  the  waters  of  Conococheague  Creek 
are  augmented  by  junction  with  its  west  branch,  wliich  is  polluted 
at  Mercersburg  through  a little  tributary  stream. 
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Mercersburg,  Pa.,  a town  with  a population  of  about  1,000,  has  a 
public  water  supply  and  a sewerage  system.  The  sewerage  system 
consists  of  two  pipes  which,  with  a third  pipe  from  a college  having 
300  students,  discharge  into  a little  tovm  run.  Conococheague 
Creek  is  next  polluted  just  above  its  mouth  at  Williamsport  by  a 
large  tanner}"^,  employing  about  250  men. 

Williamsport,  Md.,  has  a population  of  about  1,500,  but  has 
neither  public  water  suppl}^  nor  sewerage. 

A few  cases  of  typhoid  occur  here  every  year.  Two  deaths  from 
this  disease  are  recorded  for  1904,  one  for  1905,  but  none  for  1906 
to  August  3. 

The  Potomac,  after  receiving  Conococheague  Creek,  flows  but  5 
miles  before  it  is  joined  by  another  important  tributary,  Opequon 
Creek.  The  Opequon  drams  an  area  of  335  square  miles,  most  of 
which  is  given  over  to  farming,  and  bears  a population  of  about 
25,000,  half  of  wliich  is  concentrated  in  the  two  cities  of  Winchester 
and  Martinsburg. 

Winchester  is  the  county  seat  of  Frederick  County,  Va.,  and  in  1900 
was  credited  with  a population  of  5,161.  It  has  a public  water  sup- 
ply from  two  springs  ovmed  and  protected  by  the  cit}^.  There  is  no 
sewerage  system;  cesspools  and  privies  are  in  general  use.  These 
probably  drain  themselves  tlirough  crevices  in  the  underlying  lime- 
stone into  Town  Run,  which  flows  through  the  city  to  Abrams  Creek, 
a tributary  of  the  Opequon.  The  run  also  receives  the  surface  drain- 
age of  the  city,  some  kitchen  waste,  and  wastes  from  a steam  laundry 
and  gas  house.  On  July  27  of  this  year  the  tovTi  was  visited  by  a 
^^cloud-burst,”  which  flooded  the  streets  and  cellars  and  scoured  the 
privies  and  cesspools. 

There  are  no  records  to  indicate  the  degree  of  prevalence  of  t}^phoid 
fever  in  Winchester  and  its  vicinity.  I gathered,  however,  that  there 
occurs  an  average  of  eight  or  ten  cases  of  the  disease  every  year. 

^ At  Jordan  Sprmgs,  a summer  hotel  and  its  cottages  discharge  their 
sewage  into  Lick  Run,  which  joins  the  Opequon  2 miles  below  the 
mouth  of  Abrams  Creek. 

Martinsburg  is  the  county  seat  of  Berkeley  County,  W.  Va.,  and  in 
1900  was  credited  with  a population  of  7,564.  It  is  situated  86  miles 
above  Great  Falls,  on  Tuscarora  Creek,  1 mile  from  its  junction  wdth 
the  Opequon.  The  city  has  ample  supply  of  water  from  Patterson 
Spring,  about  three-quarters  of  a mile  west  of  tovm;  a few  wells  and 
some  cisterns  are  also  in  use.  There  is  no  sewerage  other  than  for 
surface  water,  which  goes  into  a branch  of  Tuscarora  Creek.  Cess- 
pools and  privies,  two  or  three  of  which  overhang  this  creek,  are  in 
general  use.  A great  deal  of  industrial  waste  from  woolen  mills  and 
gas  works  is  also  discharged  into  the  creek. 
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From  the  imperfect  records  available,  I estimate  that  about  30  to  40 
cases  of  t}^hoid  fever  occur  here  every  year.  Four  deaths  from  this 
disease  are  recorded  for  1905. 

At  a point  about  1 mile  below  the  mouth  of  the  Opequon  the  Chesa- 
peake and  Ohio  Canal,  it  will  be  remembered,  enters  the  river  a second 
time  and  remains  one  vdth  it  for  a distance  of  3 miles,  to  resume  its 
separate  course  about  a mile  below  Dam  No.  4. 

The  Potomac  receives  its  next  pollution  at  Shepherdstovm,  W.  Ya., 
56  miles  above  Great  Falls.  This  milage,  of  about  1,200  souls,  has 
no  public  water  supply  or  sewerage.  Cisterns  for  water  are  in  general 
use.  A small  stream  which  runs  through  the  tovm,  and  which  is 
lined  with  and  overhung  by  privies,  serves  as  a sewer;  into  it  goes 
the  waste  from  a slaughterhouse.  A few  cases  of  typhoid  occur  in 
the  tovm  and  vicinity  every  year. 

Six  miles  below  Shepherdstown  the  Potomac  receives  Antietam 
Creek. 

Antietam  Creek  rises  in  the  Green  Kidge  Mountains,  Franklin 
County,  Pa.,  and  joins  the  Potomac  at  a point  58  miles  above  Great 
Falls.  Its  drainage  area  of  about  305  square  miles,  though  somewhat 
less  extensive  than  that  of  the  Opequon,  has  almost  tvdce  the  popu- 
lation of  the  latter — 42,940,  according  to  the  census  of  1900.  The 
pollution  that  reaches  the  creek  is  mostly  indirect;  but  at  Wa3mes- 
boro.  Pa.,  Hagerstovm  and  Sharpsburg,  Md.,  it  receives  directly 
pollution  of  a dangerous  character. 

Waynesboro,  Pa.,  with  a population  in  1900  of  5,396,  has  a public 
water  supply,  but  no  sewerage.  Cesspools  are  in  general  use,  which 
take  care  of  themselves  by  draining  tlmough  the  cracks  and  fissures 
in  the  underl3dng  limestone.  The  Frick  Coinpan};^,  however,  runs 
the  sewage  of  about  700  employees  directh^  into  the  creek. 

Hagerstovm,  Md.,  is  the  third  city  in  the  State.  It  is  a rapidly 
growing  industrial  center,  and  was  credited  with  a population  of 
13,591  in  1900.  It  has  a public  water  suppl}^  from  runs  on  South 
Mountain,  about  10  miles  from  the  city,  which  is  locally  regarded  as 
above  suspicion. 

The  comparatively  rare  cases  of  typhoid  fever  which  occur  here  are 
considered  as  either  imported  infections  or  due  to  wells,  some  of 
wliich  are  still  in  use. 

There  is  no  sewerage  system  in  Hagerstown,  but  there  are  pipes 
wliich  are  intended  onty  for  surface  water  and  kitchen  waste,  but 
there  is  reason  for  believing  that  two  or  three  hotels  have  drains  into 
these  pipes  from  their  cesspools.  This  pollution  reaches  Antietam 
Creek  by  wsij  of  Marsh  Kun,  which  receives  it  from  Tovm  Kun.  Cess- 
pools are  in  general  use,  many  of  them  being  abandoned  wells.  Most 
of  the  cesspools  drain  themselves  through  the  fissured  limestone;  the 


SANITARY  SURVEY  OF  DRAINAGE  BASIN  OF  POTOMAC  RIVER.  245 

soil  from  the  others  is  removed  from  time  to  time,  and  either  buried 
or  used  for  fertilizer. 

Typhoid  is  considered  by  the  physicians  of  Hagerstovm  to  be  a 
rare  disease;  but  few  cases  occur  annually.  I found  two  deaths 
recorded  for  1905  and  two  for  1906  to  July  25. 

Sharpsburg,  Md.,  60  miles  from  Great  Falls,  had  a population  of 
1,030  in  1900.  It  is  near  the  Antretam  battlefield,  to  which  a great 
many  visitors  are  annually  attracted.  The  town  is  located  on  a run 
which  heads  at  the  town  spring,  from  which,  together  with  some 
wells,  is  derived  the  water  consumed  in  the  towm.  The  run  joins 
Antietam  Creek,  and  in  its  course  through  the  town  is  polluted  by 
several  privies. 

In  1902  there  was  an  epidemic  of  typhoid  here,  and  there  are  three 
deaths  recorded  for  that  year.  Since  then  there  has  been  one  death 
from  the  disease  each  year,  including  1906,  to  July  26. 

Continuing  past  the  mouth  of  Antietam  Creek,  the  Potomac  flows 
on  to  Harpers  Ferry,  where  the  Shenandoah  unites  with  it.  In  its 
course  it  receives  Elk  Branch  just  above  Harpers  Ferry.  This  little 
stream  is  polluted  by  privies  at  Shenandoah  Junction,  Duffields,  and 
Keller.  These  are  insignificant  villages,  and  are  of  importance  only 
from  the  fact  of  their  proximity  to  Great  Falls. 

Harpers  Ferry  is  situated  in  the  acute  angle  formed  at  the  junc- 
tion of  the  Potomac  and  Shenandoah  rivers,  45  miles  above  Great 
Falls.  It  had  a population  of  896  in  1900.  There  is  no  public  water 
supply,  springs  and  cisterns  being  relied  on.  There  is  no  sewerage; 
privies  are  in  common  use.  A hotel  much  favored  by  travelers  and 
excursionists,  some  private  houses,  and  the  railway  station  discharge 
their  sewage  into  the  river.  One  of  the  islands  in  the  Potomac  at 
this  pomt  has  been  made  a picnic  park;  on  its  edges  are  two  privies 
which  drain  directly  into  the  river.  Several  thousand  excursionists 
visit  Harpers  Ferry  every  summer;  on  the  day  of  my  visit  (July  26) 
there  were  present  somewhat  over  2,000.  No  data  concerning  the 
presence  of  t^^hoid  are  available.  A few  cases  occur  every  year, 
but  appear  to  be  relatively  more  common  in  the  country  outside  of 
Harpers  Ferry  than  in  the  town  itself. 

The  Shenandoah  River  at  Harpers  Ferry,  drains  an  area  of  3,010 
square  miles,  which  had  a population  of  116,018  in  1900.  It  is  pol- 
luted at  several  points,  one  of  the  first  of  which  is  almost  at  the  very 
source  of  Middle  River,  which,  as  will  be  remembered,  is  one  of  the 
tributaries  of  the  South  Fork. 

Staunton,  Ya.,  credited  with  a population  of  7,289  in  1900,  is  situ- 
ated on  Levds  Creek,  a tributary  of  ARddle  River,  223  miles  above 
Great  Falls.  It  has  a public  water  supply  derived  from  springs  on 
the  western  edge  of  the  town.  There  is  a sewerage  system  which  dis- 
charges into  Lewis  Creek. 
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No  definite  records  indicating  the  prevalence  of  typhoid  fever  are 
available.  The  only  index  is  a hospital,  where  there  have  been 
treated  some  18  cases  in  the  fourteen  months  of  its  existence,  but  all 
of  these  were  said  to  have  acquired  their  infection  out  of  tovm. 

Basic  City  and  Waynesboro  are  twdn  cities  situated  on  the  South 
Kiver.  Basic  City  has  a public  water  supply  from  a spring;  there  is 
no  public  sewerage,  though  a large  summer  hotel  and  the  Chesapeake 
and  Ohio  station  have  a private  sewer  which  discharges  into  the 
river.  Waynesboro  has  a public  water  supply  from  a spring;  there 
is  no  public  sewerage,  but  a mill  race  and  a town  run  are  probably 
directly  polluted  ^vith  sewage. 

A few  cases  of  t^^hoid  occur  in  both  tovms.  Last  year  there  were 
some  25  cases  in  Basic  City,  said  to  have  been  traced  to  an  infected 
well. 

Harrisonburg,  Ya.,  is  the  county  seat  of  Rockingham  County,  and 
in  1900  had  a population  of  3,521.  It  has  a public  water  supply 
derived  from  a mountain  stream  which  is  locallv  regarded  as  above 
suspicion.  It  has  a combined  sewerage  system  wliich  discharges  into 
Blacks  Creek,  a branch  of  Cooks  Creek,  through  which  it  reaches 
North  River  at  Mount  CravTord. 

A few  cases  of  t;\q)hoid  fever  occur  in  and  about  Harrisonburg  every 
year,  but  the  disease  has  become  relativeH  rare  since  the  present 
water  supply  was  installed. 

Luray,  Page  County,  Va.,  is  situated  on  Hawkbill  Cre'ek,  a tribu- 
tary of  the  South  Fork.  In  1900  it  had  a population  of  1,147,  but 
this  population  is  much  augmented  by  summer  visitors  and  by  excur- 
sionists, who  come  from  all  parts  of  the  countin^  to  visit  the  wonderful 
Lura}^  caverns.  It  has  a public  water  supply,  but  some  vnlls  are  still 
in  use.  There  is  no  sewerage  system,  so  that  privies  and  cesspools  are 
in  general  use.  One  of  the  hotels  and  some  dozen  private  houses, 
however,  sewer  directly  into  the  creek.  The  creek  is  also  polluted 
by  a large  taimery  and  by  surface  drainage,  which  is  rapid  on  account 
of  the  steepness  of  the  slope  on  which  the  to^vn  is  built. 

Prior  to  the  introduction  of  the  present  water  supply  a good  many 
cases  of  typhoid  used  to  occiu*  aimually,  but  now  the  few  cases  that 
occur  are  generallv  traced  to  out-of-tovm  infection  or  to  the  use  of 
well  water. 

About  30  miles  below  Luray  is  Front  Royal,  the  county  seat  of 
Warren  County,  Ya.  Front  Royal  is  on  Happy  Creek,  a small  trib- 
utary of  the  South  Fork,  97  miles  from  Great  Falls.  In  1900  it  was 
credited  with  a population  of  1,005.  There  is  a public  water  supply 
from  some  mountain  springs,  though  some  wells  and  a few  cisterns 
are  also  in  use.  There  is  no  sewerage  system.  The  creek  is  polluted 
not  only  by  surface  drainage  but  by  the  sewage  from  a hotel  and  two 
colleges,  one  of  which  is  converted  into  a hotel  during  the  summer. 
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Since  the  introduction  of  the  water  supply  there  has  been  a marked 
reduction  in  the  amount  of  t}^hoid  which  used  to  occur  every  year. 

Riverton  is  a small  place-which  lies  in  the  fork  of  the  Shenandoah. 
The  North  Fork  is  polluted  here  by  the  drainage  from  a duck  farm  and 
from  several  privies  along  its  edge.  The  North  Fork  has  on  it  several 
towns  from  which  it  receives,  however,  but  little  if  any  serious 
pollution. 

About  25  miles  below  Riverton  the  Shenandoah  is  joined  by  Lewds 
Run.  On  this  Run  is  Berry ville,  Va.,  the  county  seat  of  Clarke 
County.  Berryville  is  75  miles  from  Great  Falls  and  in  1900  had  a 
population  of  938.  The  town  boasts  of  a public  water  supply  derived 
from  mountain  springs.  There  is  no  sewerage.  The  underlying 
limestone,  fissured  and  seamed,  drains  the  cesspools  wliich,  on  that 
account,  require  no  attention.  The  run  is  polluted,  however,  by  some 
nearby  privies. 

On  account  of  the  fine  water  supply  typhoid  is  said  to  be  of  com- 
paratively rare  occurrence.  It  is  to  be  regretted  that  no  data  are 
available  showing  the  degree  of  reduction  in  the  t}q)hoid  rate. 

Charlestown,  W.  Va.,  the  county  seat  of  Jefferson  County,  is  on  Evitt 
Run,  a small  tributary  of  the  Shenandoah,  57  miles  above  Great  Falls. 
In  1900  it  had  a population  of  2,392.  It  has  a public  water  supply 
from  a spring  1 mile  from  town.  A few  wells  are  still  in  use.  There 
is  no  sewerage,  so  cesspools  and  privies  are  common ; the  former, 
like  those  in  BeriA^ville,  drain  themselves,  while  some  of  the  latter 
are  on  the  edge  of  the  run  and  drain  into  it.  A few  cases  of  typhoid 
occur  every  year.  There  were  more  than  the  average  number  last 
fall,  but  definite  figures  are  unobtainable. 

Halltown,  W.  Va.,  a small  village  57  miles  from  Great  Falls,  pollutes 
Flowing  Spring  Run,  a tributary  of  the  Shenandoah,  by  some  privies 
on  its  edge.  Typhoid  fever  appears  to  be  rather  prevalent  in  and 
about  this  place. 

Leaving  Harpers  Ferry  and  proceeding  down  the  Potomac,  now 
augmented  by  the  waters  of  the  Shenandoah,  we  come  in  succession 
to  Sandy  Hook,  Weverton,  Knoxville,  and  Brunswick.  Of  these, 
Sandy  Hook  and  Weverton  are  insignificant  in  size  and  would  be 
also  in  importance  but  for  their  situation  on  the  bank  of  the  river  and 
their  proximity  to  Great  Falls,  from  which  they  are  removed  44  and 
43  mdes,  respectively.  Privies  are  in  common  use  and  the  surface 
drainage  is  into  the  canal  and,  through  small  runs,  directly  into  the 
river. 

Typhoid  fever  is  not  of  rare  occurrence. 

Knoxville  is  1 mile  below  Wevertoru  In  1900  it  had  a population 
of  363.  A creek  vrhich  runs  through  the  town  carries  the  filth  from 
numerous  overhanging  privies  directly  into  the  river.  Some  typhoid 
occurs  here  every  year. 
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About  2 miles  below  Knoxville  is  Brunswick^  Md.  This  is  a rapidly 
growing  town  on  account  of  the  extension  of  the  Baltimore  and  Ohio 
Kadroad  shops  and  yards  which  are  located  here.  In  1900  it  was 
credited  ^vith  a population  of  2,I”1,  which  is  now  locally  estimated  at 
4,000.  It  is  about  40  miles  above  Great  Falls,  and,  to  Washington,  it 
is  one  of  the  most  important  points  on  the  Potomac  watershed.  The 
water  consumed  here  is  from  wells,  cisterns,  and  the  river,  from  wliich 
it  is  pumped  by  the  Baltimore  and  Ohio  Railway.  There  is  no  sewer- 
age; privies  are  in  general  use,  some  of  which  drain  into  and,  others, 
overhang  two  branches  which  run  tlrrough  the  town.  One  of  these 
streams  also  receives  the  sewage  of  the  railroad  bunk  house,  and  will 
probably  receive  that  of  a railroad  Yoimg  Men’s  Christian  Associa- 
tion building  which  is  being  erected. 

A good  deal  of  typhoid  occurs  here  every  year.  From  the  records 
for  1904,  1905,  and  1906  (to  July  28)  there  appears  to  be,  on  the  basis 
of  a population  of  4,000,  an  annual  mortality  from  this  disease  of  50 
per  100,000.  From  January  1 to  July  28,  1906,  there  were  reported 
four  cases  of  the  disease. 

Proceeding  eastward,  the  Potomac  receives  in  succession  Catoctin 
Creek,  Maryland,  and  Catoctin  Creek,  Virginia,  before  reaching  Point 
of  Rocks. 

In  the  drainage  area  of  Catoctin  Creek,  Virginia,  there  are  no 
centers  of  population  of  much  importance.  Waterford  is  a village 
on  a small  tributary  of  Catoctin  Creek,  wliich  is  polluted  by  some 
privies  along  and  overhanging  it.  The  water  consumed  is  from 
springs  and  wells. 

A few  cases  of  typhoid  are  met  with  in  the  town  of  Waterford  and 
surroundings  every  year. 

Washington  Junction  is  the  railroad  station  for  Point  of  Rocks, 
a small  town  33  miles  above  Great  Falls.  The  depot  has  water 
closets  which  flush  into  the  river  and  in  the  village  some  privies  drain 
into  a run  which  enters  the  river. 

Six  miles  below  Point  of  Rocks  the  Monocacy  River  joins  the 
Potomac.  The  Monocacy  drains  an  area  of  940  square  miles,  which 
had  a population  of  86,661  in  1900.  It  receives  its  most  serious 
pollution  at  Frederick. 

Frederick,  Md.,  situated  on  Carroll  Creek,  a small  tributary  of  the 
Monocacy,  47  miles  from  Great  Falls,  had  a population  of  9,296  in 
1900.  It  is  the  county  seat  of  Frederick  County.  This  town  boasts 
of  a fine  public  water  supply  which  is  probably  above  suspicion. 
There  is  no  sewerage  s}'stem,  but  there  are  two  drains  wliich  take 
the  surface  water  and  some  domestic  waste,  soil  being  excluded. 
The  creek  is  polluted,  however,  hy  the  waste  and  the  sewage  of  200 
employees  of  the  Union  Knitting  Mill  and  hj  the  overflow  from  the 
cesspool  of  the  woman’s  college.  A few  cases  of  typhoid  fever  occur 
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in  Frederick  every  year.  During  1906,  to  July  22,  there  were  two 
deaths  recorded  from  this  disease. 

About  10  miles  below  the  Monocac}^,  Goose  Creek  joins  the  Potomac 
from  the  south.  Goose  Creek  drains  an  area  of  80  square  miles  with 
a population  of  13,577  in  1900.  This  population  is  pretty  generally 
scattered.  Leesburg  is  the  only  town  of  any  size  within  this  area. 

Leesburg  is  on  Tuscarora  Creek,  a tributary  of  Goose  Creek,  19 
miles  above  Great  Falls.  The  water  supply  of  the  town  is  from  a 
spring  on  its  western  edge  and  from  wells.  There  is  no  sewerage 
system,  but  there  is  a drain  which  discharges  its  sewage  into  the 
creek.  The  town  creek  is  also  polluted  by  a few  overhanging  privies. 
Some  cases  of  typhoid  occur  here  and  in  the  surrounding  country 
every  year. 

Passing  the  mouth  of  Goose  Creek,  the  Potomac  receives  Broad 
Run,  Sugarland  Run,  Seneca  Creek,  Muddy  Branch,  and  Watts 
Branch  before  it  reaches  the  Washington  dam  at  Great  Falls.  The 
area  drained  by  these  small,  almost  insignificant  streams,  with  about 
10,000  population,  is  given  over  to  farming.  The  pollution  which 
they  get  is  indirect. 

Cases  of  typhoid  occur  in  and  near  the  small  towns  along  the  line 
of  the  Baltimore  and  Ohio  Railroad  which  traverses  the  northern 
part  of  this  area,  from  east  to  west. 

The  railroads  which  traverse  the  watershed  are  vehicles  of  pollu- 
tion the  amount  of  which  it  is  difficult  to  estimate.  They  carry 
. thousands  of  passengers  annually  whose  excretions  are  scattered 
along  the  lines,  which  here  and  there,  sometimes  for  miles,  skirt 
the  Potomac  and  some  of  its  tributaries. 

As  a general  thing  the  solid  excretions  do  not  get  into  the  stream 
until  they  are  washed  there  by  a rain,  so  that  they  are  exposed 
during  a variable  interval  to  the  influence  of  light  and  temperature. 
This  interval  may  obviously  be  very  short.  It  is  a little  different 
with  urine,  as  some  of  this  may  flow  in  directly  and  immediately. 

PREVALENCE  OF  TYPHOID  FEVER. 

In  general  it  may  be  stated  that  typhoid  occurs  from  time  to  time 
in  every  part  of  the  watershed.  The  data  available  for  a study  of 
the  degree  of  its  prevalence,  however,  are  extremely  unsatisfactory. 

In  West  Virginia  the  records  of  vital  statistics  are  very  incomplete 
and  defective,  while  in  Virginia  there  are  none  at  all.  Such  data  as 
are  available  have  been  given  above  in  connection  with  the  locality 
to  which  they  relate. 

Some  idea  of  its  seasonal  prevalence  may,  however,  be  formed 
from  the  following  table,  showing  the  monthly  deaths  for  1905  ® 

O'  Obtained  in  correspondence  from  Dr.  John  S.  Fulton,  secretary  State  board  of 
health  of  Maryland. 
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from  typhoid  in  five  counties  of  Maryland,  which,  with  the  exception 
of  a small  part  of  Garrett  and  Montgomery,  are  included  in  the  water- 
shed : 


County. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Allegany 

1 

3 

3 

2 

1 

2 

1 

2 

3 

8 

10 

3 

Frederick 

3 

2 

0 

0 

1 

1 

2 

3 

0 

1 

0 

1 

Garrett 

0 

0 

2 

2 

0 

2 

0 

0 

0 

1 

0 

1 

Montgomery 

0 

1 

0 

0 

0 

1 

1 

4 

2 

6 

1 

0 

Washington 

1 

0 

0 

0 

0 

0 

0 

1 

4 

1 

2 

0 

Total 

5 

6 

5 

4 

2 

6 

4 

10 

9 

20 

13 

5 

Mean  (ratio  100) 

5.6 

6.5 

5.6 

4.5 

2.2 

6.5 

4.5 

11.2 

10.1 

22.4 

14.6 

5.6 

In  the  area  included  in  the  above  table  there  were  recorded  a some- 
what greater  number  of  deaths  during  the  period  January  1 to  July  1, 
1906,®  than  in  the  corresponding  period  last  year,  as  may  be  seen  by 
comparing  the  following  with  the  preceding  table: 


County. 

Jan. 

Feb. 

Mar.  - 

Apr. 

May. 

June. 

Allegany 

3 

2 

5 

0 

1 

2 

Frederick 

0 

1 

1 

1 

0 

2 

Garrett 

0 

0 

0 

1 

0 

0 

Montgomery 

0 

1 

2 

1 

0 

0 

Washington 

0 

0 

2 

1 

9 

0 

Total 

3 

4 

10 

4 

10 

4 

SEWERAGE. 

In  the  description  of  the  sources  of  pollution  mention  has  been 
made  of  the  presence  or  absence  of  sewerage  systems  in  the  several 
communities  considered.  It  will  have  been  noted  that  few  are 
sewered,  even  partially;  cesspools  and  privies,  some  of  which,  how- 
ever, overhang  convenient  streams,  are  in  very  general  use. 

Of  the  total  population  of  the  watershed  it  is  estimated  that  not 
more  than  45,000  (9  per  cent)  contributes  direct  sewage  pollution 
(see  Table  No.  5).  About  78  per  cent  of  this  sewage  pollution  is  at 
points  more  than  175  miles  from  Great  Falls,  about  17  per  cent  at 
points  between  50  and  175  miles,  and  the  remaining  5 per  cent  at 
points  between  19  and  50  miles  from  Great  Falls. 

The  volume  of  direct  sewage  pollution  at  points  within  19  miles  of 
the  intake  of  Great  Falls  is,  in  relation  to  the  total,  practically  nil; 
but  inasmuch  as  this  portion  of  the  watershed  is  inhabited,  pollution 
of  a dangerous  character  may  occasionally  find  its  way  into  the  river 
from  some  point  or  points  within  this  distance  of  the  intake. 

a Obtained  in  correspondence  fronr  Dr.  John  S.  Fulton,  secretary  State  board  of 
health  of  Maryland. 
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The  dilution  of  the  sewage  at  the  points  w^here  it  is  discharged  is, 
almost  vdthout  exception,  sufficient  to  prevent  an}^  local  nuisance. 
In  its  course  dovui  the  river  the  dilution  increases  progressively  and 
by  the  time  it  reaches  Great  Falls  it  is  very  great.  The  degree  of 
this  dilution  will  be  clearly  comprehended  b}^  considering  the  dis- 
charge of  the  river  in  relation  to  the  total  pollution. 

In  Table  No.  1 is  given  the  mean  monthly  discharge  at  Point  of 
Rocks,  Md.,  33  miles  above  Great  Falls.  With  45,000  as  the  total 
population  contributing  direct  sewage,  the  discharge  of  the  river 
during  April  was  449  cubic  feet  a second  per  1,000,  during  May  it  was 
123  cubic  feet  a second  per  1,000,  and  during  elune  156  cubic  feet  a 
second  per  1,000.  This  dilution  would  be  considerable,  even  if  no 
change  in  the  character  of  the  pollution  during  its  progress  toward 
Great  Falls  took  place;  but  when  it  is  considered  that  conditions  such 
as  shoals,  rapids,  natural  pools  and  dams  favoring  the  processes  of 
purification  by  aeration  and  sedimentation  are  found  on  the  Potomac 
and  its  tributaries,  and  when,  in  addition,  it  is  remembered  that  the 
other  factors  generall}^  recognized  as  important  agents  in  the  natural 
process  of  purification  of  polluted  waters  also  exist  and  are  probably 
at  work  here,  the  dilution  may  properly  be  regarded  as,  at  times,  very 
great. 


Table  No.  5. — Population  of  Potomac  basin  which  contributes  direct  sewage  pollution. 


Distance 
above 
Great 
Falls,  in 
miles. 

Popula- 
tion (cen- 
sus 1900). 

Estimated 
population 
contribut- 
ing direct 
sewage, 
pollution. 

Per  cent 
of  total 
direct 
pollution. 

(a)  More  than  175  miles  above  Great  Falls: 

Cumberland,  Md 

176 

17, 128 

17,000 

Keyser,  W.  Va 

202 

2,536 

2,200 

Piedmont,  Westernport,  Luke 

207 

4,623 

4,000 

Harrisonburg,  Va 

211 

3,521 

2, 800 

Staunton,  Va 

223 

7,289 

6, 000 

Other  places 

3,000 

Total 

35,000 

78 

(5)  More  than  50  and  less  than  175  miles  above  Great  Falls: 

Hagerstown,  Md 

76 

13, 591 

500 

Martinsburg,  W.  Va 

86 

7, 564 

600 

Waynesboro,  Pa 

87 

5,396 

1,200 

Winchester,  Va 

121 

5,161 

500 

Chambersburs:,  Pa 

127 

8,864 

1,200 

Other  places 

3, 800 

Total 

7,800 

17 

(c)  More  than  19  and  less  than  50  miles  above  Great  Falls: 

Leesburg,  Va 

19 

1,513 

200 

Point  of  Rocks,  Md 

33 

364 

150 

Brunswick,  Md 

39 

2,471 

450 
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Table  Xo.  o. — Population  of  Potomac  hasin  u'Mch  contrihutes  direct  sewage  pollution — 

Continued. 


Distance 
above 
Great 
Falls,  in 
miles. 

Popula- 
tion (cen- 
sus 1900). 

Estimated 
ponulation 
contribut- 
ing direct 
sewage 
pollution. 

Per  cent 
of  total 
direct 
pollution 

(c)  More  than  19  and  less  than  50  miles  above  Great  Falls — 
Continued. 

Knoxville,  Md 

41 

45 

47 

363 

896 

9,296 

150 

400 

500 

350 

Harper’s  Ferix',  W.  Va 

Frederick,  Md 

Other  places 

Total 

2,200 

5 

(d)  Less  than  19  miles  above  Great  Falls 

000 

0 

Grand  total 

45,000 

100 

SUMMARY  OF  SANITARY  SURVEY  OF  POTOMAC  BASIN. 

1.  The  Potomac  River  at  Great  Falls  drains  an  area  of  about  11,400 
square  miles. 

2.  The  population  of  tliis  area  was  estimated  to  be,  in  1900,  about 
500,000,  or  about  44  per  square  mile. 

3.  The  velocity  of  flow  of  the  Potomac  is  extremely  variable.  It 
has  been  estimated  that  it  takes  from  four  to  seven  days  for  the  water 
to  travel  from  Cumberland  to  Great  Falls,  a distance  of  about  176 
miles. 

4.  The  discharo:e  of  the  river  has  been  found  to  varv  between  900 
and  218,700  cubic  feet  a second.  During  April  of  the  present  year 
the  estimated  discharge  exceeded  the  normal  for  that  month  by  about 
30  per  cent;  during  May  the  discharge  dwindled  to  50  per  cent  of  the 
normal,  but  rose  m Jime  to  a point  about  12  per  cent  below  the 
normal. 

5.  The  precipitation  was  below  the  normal  dining  both  April  and 
May,  but  was  excessive  dining  June. 

6.  The  mean  temperature  was  about  3°  F.  above  normal  in  April 
and  practically  normal  during  May  and  June. 

7.  T;\q)hoid  fever  prevailed  to  a greater  or  less  degree  in  every  part 
of  the  drainage  basin.  Xo  data  for  an  accurate  determination  of  the 
degree  or  of  its  seasonal  prevalence  are  obtainable;  such  as  there  are 
indicate  strongly  that  its  seasonal  prevalence  substantially  coincides 
with  that  of  Washington. 

8.  The  waters  of  the  Potomac  are  directly  polluted  by  sewage  at 
numerous  points.  This  direct  pollution  is  contributed  by  not  more 
than  45,000  or  9 per  cent  of  the  total  population  on  the  watershed. 
Of  this  pollution,  about  80  per  cent  enters  the  river  at  points  176 
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or  more  miles  from  the  intake  of  the  Washington  Aqueduct  at  Great 
Falls,  about  15  per  cent  enters  it  at  points  between  50  and  175  miles 
above  Great  Falls,  and  5 per  cent,  contributed  by  about  2,200  of  the 
population,  enters  at  points  between  19  and  50  miles  above  the  intake. 

9.  Practically  no  direct  pollution  of  the  Potomac  takes  place  within 
19  miles  of  the  intake;  but  because  this  portion  of  the  watershed  is 
inhabited,  the  possibility  of  its  occurrence  can  not  be  ignored. 

10.  The  pollution  of  the  Potomac  undergoes  more  or  less  natural 
purification  and  in  addition  becomes  very  greatly  diluted  before  it 
reaches  Great  Falls. 


1 
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TYPHOID  FEVER  IN  WASHINGTON  AND  ITS  RELATION  TO  THE 

POTOMAC  WATER  SUPPLY. 


WASHINGTON’S  WATER  SUPPLY. 

The  city  of  Washington  now  receives  its  water  supply  from  the 
Potomac  River.  The  intake  is  at  Great  Falls,  about  14  miles  above 
the  city.  At  this  point  a masonry  dam  extends  across  the  river  from 
the  Maryland  to  the  Virginia  side. 

From  1859  to  1888  Washington  received  its  water  supply  from  Lit- 
tle Falls  Branch,  a tributary  of  the  Potomac.  A dam  was  thrown 
across  this  little  stream  about  4^  miles  from  Washington,  forming 
Dalecarlia  reservoir.  At  the  same  time  (1859)  the  Georgetown  dis- 
tributing reservoir  was  put  into  service. 

Dalecarlia  reservoir  is  an  unlined  storage  basin  with  a capacity  of 
about  150,000,000  gallons,  and  was  originally  constructed  to  collect 
the  surface  water  from  the  drainage  area  of  Little  Falls  Branch.  The 
constant  turbidity  and  impurities  introduced  from  the  inhabited 
watershed  draining  into  the  Dalecarlia  basin,  especial!}^  from  Tenley- 
town,  led  to  a discontinuance  of  this  source  of  supply  in  1888,  when 
this  reservoir  was  put  out  of  service  and  not  again  used  until  1896. 

In  the  meantime  the  land  immediately  draining  into  Dalecarlia 
reservoir  was  purchased  and  controlled,  and  the  waters  of  Little  Falls 
Branch  diverted  through  a tunnel,  and  the  conduit  from  the  Potomac 
at  Great  Falls  was  connected  with  the  Dalecarlia  reservoir,  so  that 
in  1896,  when  Dalecarlia  reservoir  was  again  put  into  service,  it 
received  water  from  the  Potomac  and  not  from  Little  Falls  Branch. 

The  Georgetown  reservoir  and  storage  basin  has  a capacity  of  about 
150,000,000  gallons.  It  was  put  into  service  in  1859,  and  was  used 
as  a distributing  reservoir  from  that  date  to  November,  1905,  since 
when  it  has  served  as  a settling  basin. 

The  conduit  from  Great  Falls  to  Georgetown  reservoir  was  com- 
pleted in  1863,  and  has  furnished  the  city  continuously  with  Potomac 
River  water  from  that  date  to  the  present  time.  In  order  to  avoid 
the  impurities  from  the  Little  Falls  Branch  this  conduit  was  built 
around  Dalecarlia  reservoir.  This  section  of  the  conduit  now  acts  as 
a b}^-pass,  so  that  whenever  the  water  in  the  river  is  clearer  than  the 
water  in  the  Dalecarlia  reservoir — which  not  infrequently  happens — 
the  by-pass  is  used  and  the  reservoir  closed. 
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In  January,  1902,  a third  reservoir  and  sediment  basin,  known  as 
the  Washington  City  reservoir,  having  a capacity  of  about  300,- 
000,000  gallons,  was  put  into  service.  From  1902  to  October,  1905, 
the  city  was  supplied  with  water  partly  from  the  Washington  City 
reservoir  and  partly  from  the  Georgetown  reservoir,  in  about  the  fol- 
lowing proportions : 


Date. 

Average  quantity,  in  mil- 
lion gallons,  daily  flow- 
ing to  city  from — 

Percentage  of  total  supply 
flowing  to  city  from— 

Georgetown. 

Washington 

City. 

Georgetown. 

W ashington 
City. 

1902 

40 

19 

68 

32 

1903 

39 

22 

64 

36 

1904 

34 

32 

52 

48 

1905,  first  half 

29 

37 

44 

56 

Since  October,  1905 

0 

69 

0 

100 

Note. — These  figures  were  furnished  by  Mr.  F.  F.  Longley,  chief  chemist  of  the  Washington  filtra- 
tion plant,  and  were  computed  from  Aqueduct  records  of  elevations  in  the  two  reservoirs,  and  probably 
are  a good  indication  of  relative  quantities  flowing  from  the  two  reservoirs. 


The  filtration  plant  was  put  into  complete  operation  in  October, 
1905,  since  which  time  all  the  water  delivered  to  the  city  has  been 
filtered  after  sedimentation  in  the  three  storage  basins,  viz,  Dalecarlia, 
Georgetown,  and  Washington  City  reservoirs. 

To  recapitulate:  From  1859  to  1863  Washington  received  its  water 
supply  from  Little  Falls  Branch,  collected  in  Dalecarlia  reservoir  and 
stored  and  distributed  from  the  Georgetown  reservoir. 

From  1863  to  1888  the  supply  was  derived  partly  from  Little  Falls 
Branch  and  Dalecarlia  reservoir  and  partly  from  the  Potomac  River 
taken  at  Great  Falls.  From  these  two  sources  the  water  was  collected 
in  and  distributed  from  the  Georgetown  reservoir. 

From  1888  to  1895  the  Little  Falls  Branch  and  Dalecarlia  reservoir 
were  not  used,  and  the  city  received  only  Potomac  River  water 
tlnrough  the  conduit  direct  to  Georgetown  distributing  reservoir. 

From  1896  to  January,  1902,  the  Dalecarlia  reservoir,  from  which 
Little  Falls  Branch  was  now  excluded,  was  again  used  and  the  city 
was  given  Potomac  River  water,  received  in  Dalecarlia  reservoir  and 
then  passed  into  Georgetown  reservoir  from  which  it  was  distributed. 

From  January,  1902,  to  October,  1905,  an  additional  sediment  and 
distributing  basin,  viz,  the  Washington  City  reservoir,  was  added  to 
this  service. 

Since  October,  1905,  the  Potomac  River  water  passes  through  the 
three  subsiding  basins,  viz,  Dalecarlia,  Georgetown,  and  Washington 
reservoirs,  and  then  through  the  sand  filters.  It  should  be  remem- 
bered, however,  that  the  Dalecarlia  reservoir  is  sometimes  by-passed. 
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THE  WASHINGTON  FILTERS. 

There  are  29  filter  beds  designed  upon  the  principle  of  slow  sand 
filtration.  Each  bed  has  an  effective  filter  area  of  1 acre.  The 
filtered  water  is  collected  in  a well-protected  reservoir  of  14,000,000 
gallons  capacity.  The  filters  and  reservoirs  for  filtered  water  are 
built  entirely  of  concrete  masonry.  They  have  floors  of  inverted 
groined  arches  on  which  rest  the  piers  for  supporting  the  groined 
arch  vaulting.  These  filters  contain,  on  an  average,  40  inches  of 
filter  sand  and  12  inches  of  gravel  graded  from  coarse  to  fine,  the 
lower  and  coarser  layer  acting  as  part  of  the  underdrain  system, 
while  the  upper  and  finer  layer  supports  the  filter  sand. 

The  effluent  from  one  filter  was  turned  into  the  filtered  water  reser- 
voir on  August  18,  1905,  and  the  other  filters  were  put  into  service 
successively  at  intervals  of  about  two  days  until  October  5,  1905, 
when  a sufficient  number  were  in  operation  to  furnish  the  entire  water 
supply  of  Washington.  The  raw  water  was  then  shut  off,  and  from 
that  date  to  the  present  time  the  city  has  had  an  uninterrupted  supply 
of  filtered  water. 

The  filters  are  stoutly  built  and  include  several  ingenious  engineer- 
ing devices.  Advantage  has  been  taken  of  the  experience  gained  by 
sand  filtration  in  this  country  and  abroad.  There  are  two  novel  fea- 
tures of  the  plant,  (1)  the  apparatus  for  handling  the  sand  and  (2) 
a double  drainage  S3^stem  so  arranged  that  the  water  from  each  filter 
can  either  be  wasted  into  the  sewer  or  returned  to  the  raw-water 
reservoir. 

Slow  sand  filtration  was  specified  by  the  act  of  Congress  providing 
for  the  plant.  The  use  of  a coagulant  was  prohibited.  It  was  known 
before  the  filters  were  built  that  slow  sand  filtration  alone  would  not  at 
all  times  render  the  Potomac  water  clear.  Experience  has  shown  this 
to  be  correct.  The  recourse  to  further  treatment,  such  as  increased 
storage,  preliminary  filtration,  or  the  occasional  use  of  a coagulant, 
is  still  recognized  as  necessary  in  order  to  obtain  a satisfactory  efflu- 
ent at  all  times. 

It  is  too  soon  to  speak  of  the  work  done  by  the  filters.  So  far  the 
results  show  that  they  are  intelligently  managed  and  have  greatly 
clarified  and  purified  the  water.  There  is  no  doubt  that  continued 
experiments  and  experience  with  the  special  problem  at  hand  will 
result  in  still  further  improvement,  especially  so  far  as  turbidity  is 
concerned. 

We  have  not  made  a critical  study  of  the  filtration  plant  and  its 
operation  in  view  of  the  brief  space  of  time  and  the  limited  facilities  at 
hand.  The  engineer  officers  of  the  Army  in  charge  of  the  plant,  and 
Messrs.  Hardy  and  Longley,  in  immediate  charge  of  the  works,  offered 
us  every  facility  and  placed  their  records  at  our  disposal.  To  these 
gentlemen  we  are  indebted  for  many  courtesies.  The  bacteriological 
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and  chemical  methods  used  in  the  Hygienic  Laboratory  and  in  the 
laboratory  of  the  filtration  plant  are  practically  identical  and  the 
results  show  a general  concordance. 

No  satisfactory  explanation  has  yet  been  given  of  the  fact  that  in 
certain  European  cities  the  introduction  of  sand  filtration  of  a polluted 
water  supply  has  largely  controlled  the  typhoid  fever  situation, 
whereas  in  America  the  best  that  sand  filtration  has  done  has  been  to 
reduce  the  death  rate  to  an  average  of  about  20  per  100,000,  unless  we 
are  willing  to  admit  that  the  sanitary  conditions  of  our  American 
cities  are  much  worse  than  those  abroad.  In  such  a case  the  residual 
typhoid  could  be  accounted  for  by  contacts,  imperfect  disinfection  of 
discharges,  frequent  infection  of  the  milk,  and  an  excess  of  those 
insanitary  conditions  knowm  to  favor  the  spread  of  a filth  disease” 
such  as  typhoid  fever. 

In  our  opinion,  the  question  of  by-passing  Dalecarlia  reservoir 
should  be  seriously  considered  from  a sanitary  standpoint.  When  the 
Avater  is  excessh’ely  muddy  sedimentation  occurs  slowly  in  Dale- 
carlia reservoir,  and  as  the  rise  and  fall  of  turbidity  in  the  river  itself 
undergoes  sudden  variations  it  not  infrequently  happens  that  the 
water  at  the  intake  is  clearer  than  the  water  in  Dalecarlia  reservoir. 
Wlien  this  condition  of  affairs  exists  Dalecarlia  reseiwoir  is  by-passed, 
thereby  eliminating  the  Avell-known  good  effects  of  storage  and  sedi- 
mentation in  this  reservoir.  This  condition  of  affairs  can  be  cor- 
rected by  increasing  the  storage  capacity,  so  that  the  water  may  be 
shut  off  at  the  intake  when  the  river  water  is  excessively  turbid. 

We  can  not,  however,  subscribe  to  the  opinion  often  expressed  that 
water  is  necessarily  of  a good  sanitary  quality  simply  because  it  has 
been  filtered  through  sand. 

The  Washington  filters  have  a somewhat  different  problem  to  con- 
tend with  from  that  of  the  filters  at  Hamburg,  Albaii}^,  Lawrence,  and 
other  places  where  sand  filtration  has  been  so  successful.  The  Potomac 
water  differs  from  these  other  river  waters  in  that  (1)  its  bacterial 
content  is  comparatively  low  and  (2)  the  suspended  matter,  consist- 
ing of  clay,  is  comparatively  high  and  of  peculiar  fineness.  While 
the  Potomac  river  water  at  the  intake  averages  comparatively  few 
bacteria  per  cubic  centimeter  it  shows  great  and  sudden  variations. 
Furthermore,  storage  in  the  three  reservoirs  effects  a destruction  of 
about  55  to  86  per  cent  of  the  bacteria  contained  in  the  raw  water, 
so  that  the  Avater  actually  applied  to  the  filters  contains  only  about 
14  to  45  per  cent  of  the  original  number  of  bacteria,  or  250  to  600 
bacteria  per  cubic  centimeter.  SIoav  sand  filtration  on  a large  scale, 
with  Avater  containing  so  fcAV  organisms,  is  a special  problem. 

It  is  evident  that  the  interstices  betAA-een  the  particles  of  sand  are 
enormous  in  size  compared  AAuth  a typhoid  bacillus.  There  must, 
therefore,  be  some  action  in  the  filter  other  than  mere  mechanical 
straining.  Where  a ‘ Achmutz-decke  ” is  formed  it  is  easy  to  under- 
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stand  how  this  wlatinous  coat  on  the  surface  strains  out  the  bacteria 

o 

contained  in  the  water.  ^Yhere  this  is  not  formed,  as  in  the  Wash- 
ington filters,  we  must  conceive  that  the  organisms  are  taken  out  by 
some  other  mechanical,  chemical,  or  biological  process.  Perhaps  the 
sticky  laj^er  which  coats  each  particle  of  sand  forms  a gelatinous  trap 
to  which  the  other  bacteria  adhere  and  eventually  perish.  Whatever 
the  explanation,  the  Washington -sand  filters  actually  take  out  87.7 
to  95.6  per  cent  of  the  bacteria  in  the  applied  water. 

It  is  well  known  that  bacteria,  such  as  the  B.  prodigiosus  can  pass 
through  a sand  filter;  also,  that  such  comparatively  large  particles  as 
3^east  cells  may^  do  the  same.  Particles  of  clay  in  sufficient  numbers 
to  render  the  water  turbid  pass  through  the  Washington  filters,  and 
it  is  difficult  to  see,  from  a bacteriological  standpoint,  how  the  filter- 
ing of  water  through  3 feet  of  sand  without  the  formation  of  a 
‘ ‘ schmutz-decke  ” can  strain  out  such  actively  motile  organisms  as 
the  typhoid  bacillus.  As  a matter  of  fact,  however,  the  sand  filters 
eliminate  a large  proportion  of  the  bacteria,  both  motile  and  non- 
motile,  contained  in  the  water.  Further,  sand  filtration  of  other 
river  waters  giving  a similar  reduction  of  the  total  bacteria,  including 
the  colon  bacillus,  has  been  followed  by  a reduction  of  typhoid  fever. 

METHODS  USED  IN  MAKING  AND  RECORDING  BACTERIOLOGICAL 

EXAMINATIONS  OF  WATER. 

All  these  examinations  were  made  by  Assistant  Surgeon  A.  M. 
Stimson,  United  States  Public  Health  and  Marine-Hospital  Service. 

The  teclmique  recommended  by  the  committee  on  standard  meth- 
ods of  water  analysis  of  the  American  Public  Health  Association  on 
Januar}^  9,  1905,  was  closely  followed. 

Collection. — The  specimens  were  collected  in-  small  ground-glass 
stoppered  bottles  protected  by  tinfoil.  The  taps  or  pumps  were 
allowed  to  run  five  minutes  before  the  samples  were  taken  and  the 
bottles  Vvere  filled  with  the  usual  bacteriological  precautions. 

The  samples  were  at  once  brought  to  the  laboratory  and  invariably 
plated  within  a few  hours  from  the  time  they  Avere  collected.  When 
the  delays  of  an  hour  or  more  was  necessar}^  after  the  arrival  of  a 
specimen  at  the  laboratory  it  was  placed  in  the  cold  room  at  15°  G.  in 
the  meantime. 

The  following  amounts,  0.01  cc.,  0.1  cc.,  and  1 cc.,  were  planted  on 
standard  nutrient  gelatin,  incubated  at  20°  G.  and  counted  after 
forty-eight  hours. 

The  folloAving  amounts,  0.1  cc.,  1 cc.,  and  10  cc.,  were  planted  in 
lactose  broth  fermentation  tubes  and  exposed  to  40°  G.  for  forty- 
eight  hours,  when  subcultures  Avere  made  upon  lactose  litmus-agar 
plates  from  one  of  the  tubes  shoAAung  fermentation.  If  more  than  one 
of  the  three  fermentation  tubes  shoAAud  gas  production,  that  one  Avas 
chosen  Avhich,  from  the  appearance  of  the  growth  and  from  the 


262 


TYPHOID  FEVER  IN  DISTRICT  OF  COLUMBIA. 


amount  of  gas,  gave  the  best  promise  of  containing  B.  coli.  The 
lactose-litmus-agar  plates  so  made  were  grown  at  40°  C.  over  night, 
and  if  red  colonies  appeared  a number  of  them  were  used  to  inoculate 
agar  slants.  These  slants  were  grown  at  37°  C.  for  twenty-four  hours 
and  the  culture  was  invariably  subjected  to  further  tests,  as  observa- 
tion of  morphology  and  motility  and  reaction  on  litmus-milk,  gelatin , 
lactose  broth,  peptone  solution,  and  nitrate  solution. 

Only  those  organisms  which  answered  all  the  tests  given  in  the 
standard  methods  of  the  committee  of  the  American  Public  Health 
Association  were  finally  recorded  as  B.  coli.  In  a few  instances  organ- 
isms answering  all  the  tests  except  the  production  of  indol  are  con- 
sidered B.  coli.  Such  exceptions  are  noted  in  each  case. 

Although  three  gelatin  plates  were  made  containing,  respective^, 
1 cc.,  0.1  cc.,  and  0.01  cc.  of  the  water  to  be  examined,  it  was  found 
that  the  most  reliable  results  were  obtained  from  the  plates  planted 
with  1 cc.  of  the  water,  and  wherever  possible  this  plate  was  taken  as 
representative  of  the  specimen ; but  if  the  plate  containing  1 cc.  of  the 
water,  on  account  of  liquefaction,  excessive  numbers,  or  other  causes, 
could  not  be  relied  upon,  the  other  two  plates  containing  the  smaller 
amounts  were  used. 

Fermentation  in  the  lactose  broth  at  40°  G.  is  indicated  in  the 
column  so  headed  by  a + or  — sign.  The  amount  of  gas  contained 
in  the  original  fermentation  tubes  is  not  given,  as  it  was  found  to  be 
without  significance,  B.’  coli  being  sometimes  found  when  the  tube 
contained  only  a bubble  and  not  discovered  when  a t}q)ical  one-third 
to  two- thirds  of  gas  was  present. 

B.  coli  is  reported  present  in  the  amounts  of  water  in  which  it  was 
found,  but  it  was  undoubted!}^  present  in  smaller  amounts  in  some  of 
the  specimens  w^here  more  than  one  tube  contaiued  gas,  as  only  the 
one  considered  most  likely  to  contain  the  colon  bacillus  Avas  examined 
further  for  that  organism.  Accordingly  such  fermentation  may  be 
regarded  as  presumptive  evidence  of  B.  coli,  but  this  CAudence  is  not 
considered  in  any  of  the  summaries. 


Summary  of  bacteriological  examinations  of  raw  and  filtered  waters. 

[Ju]y  16  to  August  27,  1906.] 


Dalecarlia  reservoir. 

George- 
towm  res- 
ervoir. 

AVashing- 
ton  reser- 
voir. 

Filtered- 
water  res- 
ervoir. 

North  end. 

South  end. 

Number  of  specimens  examined 

15 

15 

15 

24 

21 

Average  number  of  bacteria  per  cubic 
centimeter 

526 

381 

306 

235 

36 

Number  of  specimens 

9 

12 

11 

19 

16 

Percentage  shovdng  the  B.  coli  in  1 cc 

42.8 

40.0 

33.3 

16.6 

4.7 

Percentage  showing  the  B coli  in  10  cc 

28.5 

40.0 

40.0 

41.6 

9.5 

Total  percentage  showing  the  B.coli. 

71.3 

80.0 

73.3 

58.2 

14.2 
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Summary  of  bacteriological  examinations  of  raw  and  filtered  waters — Continued. 


No. 


63 
95 
122 
153 
160 
176  I 
194  I 
230 
246 
260 
276 
2S9 
306 
319 
336 


July  30 

August  7 

August  13. . . 
August  20. . . 
August  21. . . 
August  23. . . 
August  27>. . 
September  4. 
September  6 . 
September  10 
September  13 
September  17 
September  20 
September  24 
September  27 


DALECARLIA  RESERVOIR,  NORTH  END. 


Date. 


Number 
of  bac- 
teria in 
1 cc. 

Fermentation  in  lactose 
bouiUon. 

B.  coli 
present 
in — 

0.1  cc. 

1 cc. 

10  cc. 

cc. 

600 

+ 

+ 

+ 

1 

? 

* 

— 

— 

? 

+ 

+ 

+ 

1 

0 

+ 

+ 

1 

9 

+ 

+ 

+ 

1 

? 

+ 

-1- 

+ 

1 

? 

+ 

+ 

-1- 

1 

1,200 

+ 

+ 

+ 

10 

540 

- 

+ 

+ 

440 

- 

+ 

10 

136 

- 

- 

+ 

220 

- 

+ 

+ 

10 

390 

4- 

-1- 

490 

-h 

+ 

10 

720 

+ 

DALECARLIA  RESERVOIR,  SOUTH  END. 


64 

July  30 

318 

-1- 

96 

August  7 

? 

-f- 

-f- 

+ 

123 

August  13 

210 

+ 

+ 

-1- 

1 

154 

August  20 

? 

- 

+ 

-f 

10 

161 

August  21 

300 

+ 

+ 

-1- 

1 

177 

August  23 

300 

- 

+ 

-1- 

10 

195 

August  27 

? 

+ 

+ 

+ 

10 

231 

September  4 

1,100 

- 

4- 

+ 

1 

247 

September  6 '. 

800 

- 

+ 

+ 

1 

261 

September  10 

240 

- 

+ 

+ 

10 

277 

September  13 

342 

- 

+ 

-1- 

1 

290 

September  17 

360 

- 

+ 

+ 

1 

307 

September  20 

176 

_ 

_ 

320 

September  24 

270 

+ 

-f 

10 

337 

September  27 

159 

a 10 

GEORGETOWN  RESERVOIR. 


65 

July  30 

338 

+ 

97 

August  7 

? 

+ 

+ 

+ 

0.1 

124 

August  13. 

? 

- 

4- 

4- 

10 

155 

August  20 

? 

_ 



4- 

10 

162 

August  21 

200 

— 

+ 

+ 

10 

178 

August  23 

? 

- 

+ 

+ 

1 

196 

August  24 

650 

4- 

4- 

4- 

234 

September  4 

320 

4- 

4- 

-1- 

10 

248 

September  6 

390 

- 

+ 

4- 

1 

262 

September  10 

320 

- 

4- 

4- 

10 

278 

September  13 

104 

- 

4- 

4- 

10 

291 

September  17  

120 



+ 

4- 

308 

September  20  

142 

4- 

321 

September  24 

150 

— 

4- 

4- 

1 

338 

September  27 - 

630 

4- 

+ 

4- 

1 

a No  indol. 
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Summary  of  bacteriological  examinations  of  raw  and  filtered  waters — Continued. 

WASHINGTON  RESERVOIR. 


No. 

Date. 

Number 
of  bac- 
teria in 
1 cc. 

Fermentation  in  lactose 
bouillon. 

0.1  cc. 

1 cc. 

10  cc. 

1 

July  16 

50 

-b 

29 

July  23 

36 

- 

+ 

+ 

61 

July  30 

192 

- 

- 

-b 

93 

August  7 

? 

- 

- 

- 

125 

August  13 

100 

- 

+ 

+ i 

151 

August  20 

? 

- 

-b 

-b 

165 

August  21 

? 

+ 

+ 

+ 

173 

August  23 

200 

— 

-b 

-b 

180 

August  24 

50 

- 

- 

-b 

188 

August  25 - 

? 

— 

+ 

+ 

192 

August  27 

150 

- 

-b 

-b 

199 

August  28 

? 

-1- 

- 

-b 

206 

August  29 

470 

- 

— 

+ 

212 

August  30 

610 

-b 

-b 

-b 

220 

August  31 

190 

-b 

228 

September  4 

420 

— 

-b 

-b 

236 

September  5 

430 

— 

+ - 

+ 

244 

September  6 

300 

— 

-b 

+ 

263 

September  10 

570 

+ 

-b 

-b 

279 

September  13 

150 

— 

- 

-b 

292 

September  17 

69 

-1- 

+ 

-b 

309 

September  20 

1,315 

+ 

+ 

322 

September  24 

80 

— 

+ 

339 

September  27 

82 

— 

+ 

-b 

B.  coK 
present 
in— 


cc. 

a 10 
1 


1 

10 


1 

10 


10 


10 


10 

10 


10 


10 

1 

10 


FILTERED  WATER  RESERVOIR. 


42 

62 

94 

126 

July  25 

July  30 

August  7 

August  13  & 

33 

34 
? 

+ 

-b  ■ 

-b 

-b 

152 

August  20 

? 

— 

— 

— 

166 

August  21 

? 

- 

- 

- 

174 

August  23 

60 

- 

- 

- 

181 

August  24 

80 

— 

- 

- 

189 

August  25 

? 

- 

- 

- 

193 

August  27 

? 

- 

- 

-b 

200 

August  28 

30 

- 

+ 

207 

August  29 

32 

- 

— 

213 

August  30 

50 

- ■ 

-b 

221 

August  31 

39 

- 

- 

- 

229 

September  4 

34 

- 

- 

- 

237 

September  5 

35 

- 

— 

- 

245 

September  6 

26 

- 

- 

- 

264 

September  10 

33 

— 

-b 

293 

September  17 

30 

- 

- 

- 

310 

September  20 

18 





323 

September  24 

24 

— 

— 

— 

340 

September  27 

13 

— 

— 

— 

oNo  indol. 


b Lost. 
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Summary  of  the  bacteriological  examinations  of  tap  water. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Fermentation 
tose  broth 

in  lac- 

B.coh 
in — 

0.1  cc. 

1 cc. 

10  cc. 

1906. 

cc. 

9 

ill2  Tenth  street  NW  

July  16 

200 







4 

3 F street  NW . 

do  ... 

60 

1 

7 

1523  Seventh  street  NW  

July  17 

23 

10 

811  Thirteenth  street  NW 

do  ... 

90 

-1- 

10 

12 

25  Defrees  street  NW 

July  18 

74 

— 

— 

+ 

10 

16 

1706  Twelfth  street  NW 

do  . . . 

40 





-j_ 

10 

19 

Facing  442  N street  NW.  (hvdrant) 

July  19 

54 

— 

+ 

-1- 

20 

448  0 street  NW.  (alleyl 

do  ... 

75 





-t- 

22 

2 Thomas  circle  NW 

do  . . . 

40 

-1- 

olO 

25 

643i  Third  street  NE . . .... 

July  20 

22 

27 

516  D street  NE 

do  . . . 

72 

+ 

31 

909  Fourth  street  SE 

July  23 

189 

— 

+ 

a 10 

33 

607  E street  SE 

do 

64 





+ 

39 

115  Eleventh  street  NE 

July  24 

33 

41 

235  C street  SW 

do 

58 

43 

1521  Thirtv-fifth  street  NW 

July  25 

42 

-t- 

47 

2900  P street  NW 

do  ... 

42 

4- 

10 

49 

20  Seventh  street  SE 

July  26 

33 

50 

808  East  Capitol  street 

do 

23 

51 

537  Kentuckv  avenue  SE 

do  . . . 

21 

52 

415  Delaware  avenue  SW 

do  ... 

16 

-f- 

10 

54 

1003  E street  SW 

do  . . . 

50 

-t- 

10 

55 

1215  Potomac  street  NW 

July  27  . 

25 

— 

— 

-i 

10 

56 

1302  Thirty-sixth  street  NW 

do 

31 







59 

1522  Twenty-sixth  street  NW 

do 

30 

60 

2814  Pennsylvania  avenue  NW 

do  ... 

34 

66 

1432  Thirty-sixth  street  NW 

July  31 

684 

-t- 

+ 

-(* 

1 

68 

1301  Thirtieth  street  NW 

do 

24 







69 

1243  Thirtieth  street  NW 

....do... 

37 

70 

1023  Twenty-sixth  street  NW 

do 

38 

73 

412  L street  NW 

Aug.  1 

49 

74 

1906  Eleventh  street  NW 

do 

55 

+ 

75 

1118  Union  court  NW.  (hydrant)  

do  . . . 

125 

+ 

10 

-76 

2125  L street  NW 

do  ... 

34 

78 

1667  Euclid  street  NW 

Aug.  2 

36 

79 

1872  V street  NW 

. do 

22 

80 

2148  Florida  avenue  NW 

do 

57 

81 

21 42  K street  NiV 

....do  ... 

39 

82 

1249  Twenty-ninth  street  NW 

Aug.  3 

51 

-f- 

83 

3267  N street  NW 

. . do 

18 

84 

3616  P street  NW 

. do 

41 

+ 

85 

1511  Thirty-fourth  street  NW 

do  . . . 

237 

-1- 

4- 

1 

86 

' 2820  P street  NW 

do 

32 

_ 

4- 

87 

1432  Thirty-sixth  street  NW.  (hydrant)  . . . 

do  . . . 

88 

— 

-i 

4- 

10 

90 

1621  Minnesota  avenue,  Anacostia 

Aug.  6 

24 

— 

— 

— 

98 

3284  N street  NW 

Aug.  7 

9 

- 

- 

— 

99 

3207  P .street  NW  

do  . . . 

•) 





— 

100 

2812  Pensvlvania  avenue  NW 

do  ... 

? 

— 

— 

- 

118 

732  Eighth  street  NW 

Aug.  10 

28 

- 

- 

— 

119 

. 414  Twenty-first  street  NW 

do  . . . 

54 

— 

— 

4- 

a No  indol. 


No. 

132 

137 

142 

149 

150 

156 

157 

163 

164 

172 

179 

187 

190 

191 

197 

198 

205 

210 

211 

216 

219 

222 

223 

242 

243 

249 

250 

259 

269 

270 

274 

275 

281 

282 

283 

284 

285 

286 

287 

294 

296 

297 

298 

299 

301 

302 

303 

304 

305 

312 

313 
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Summary  of  the  bacteriological  examinations  of  tap  water — Continued. 


Location. 


1716  Thirteenth  street  NW 

641  H street  NE 

234  Thirteenth  street  NE 

313  Seventh  street  SE 

421  Eifteen-and-a-half  street  SE 

1220  Banks  street  NW 

3405  Q street  NW 

1927  G street  NW 

519  Twenty-second  street  NW 

708  Tenth  street  NW 

3102  M street  NW 

477  E street  SW 

623  Maryland  avenue  SW 

911  Eour-and-a-half  street  SW 

3535  O street  NW 

3624  O street  NW 

2008  F street  N W’ 

633  K street  SE 

235  Thirteenth  street  S W 

654  Morton  street  NE 

207  Tenth  street  NE 

72  Bates  street  NW 

16  T street  NW 

807J  I street  NW 

532  Twenty-third  street  NW 

3415  Volta  place  NW 

1678  Thirty-first  street  NW 

1218  D street  NE 

621  Seventh  street  N W p 

919  Virginia  avenue  SW 

624  Third  street  NW 

903  New  Hampshire  avenue  NW 

3059  M street  NW 

2805  Dumbarton  avenue  NW 

731  Twenty-second  street  NW 

5 Iowa  circle  N W 

21  Sixth  street  NE 

729  H street  NW 

1530  O street  NW 

Toner  School,  Twenty-fourth  and  F streets 
NW 

Corby  Co.,  boiler  room,  I.angdon 

Corby  Co.,  Unegar  house,  Langdon 

3830  Brightwood  avenue 

1531  Marion  street  NW 

28  Adams  street,  Anacostia 

10  Maple  avenue,  Anacostia 

Frazier’s  Coal  Yard 

Seventh  street  and  Virginia  avenue  SE 

Seventh  street  and  Pennsylvania  avenue 
NW.  (public  foimtain) 

3214  Q street  NW 

1803  G street  N W 


Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Fermentation 
tose  broth 

in  lac- 

B.coli 
in — 

Date. 

0.1  cc. 

1 cc. 

10  cc. 

1906. 
Aug.  14 

10? 

+ 

cc. 

Aug.  15 

? 

- 

- 

- 

Aug.  16 

? 

- 

— 

- 

Aug.  17 

9 

— 

- 

- 

. . .do  . . . 

370? 



_ 

Aug.  20 

9 

— 

— 

+ 

10 

. . -do  . . . 

9 







Aug.  21 

80 

— 

— 

-1- 

...do  ... 

9 

- 

- 

-f 

10 

Aug.  22 

? 

— 

- 

- 

Aug.  23 

100? 

- 

- 

- 

Aug.  24 

9? 

- 

- 

— 

Aug.  25 

9 

— 

- 

- 

. . .do  . . . 

9 

- 

- 

+ 

10 

Aug.  27 

10? 

- 

— 

-1- 

. . .do  . . . 

100 

— 

— 

+ 

10 

Aug.  28 

9 

- ' 



-1- 

Aug.  29 

30 

- 

+ 

- 

. . .do  . . . 

37 

- 

- 

+ 

10 

Aug.  30 

22 

- 

— 

- 

. . .do 

14 



+ 



Aug.  31 

33 

— 

— 

do 

16 







Sept.  5 

44 

— 

— 

— 

. . .do 

50 



_ 

_ 

Sept.  6 

50 

— 

— 

— 

do 

32 





-t- 

Sept.  7 

51 

— 

— 

Sept. 11 

40 

- 

— 

- 

...do  ... 

370 

- 

+ 

-1- 

10 

Sept. 12 

23 

— 

- 

- 

do  - 

27 



-1- 



Sept.  13 

36 

— 

— 

- do  . . 

28 







Sept. 14 

9 

— 

— 

— 

do  . 

? 







do  . 

41 

. do 

9 

4- 

. do 

53 

+ 

Sept.  17 

24 



— 

Sept.  18 

29 

- 

- 

- ' 

do  - 

12 

__ 





...do  ... 

60 

— 

+ 

-t- 

10 

do  _ 

18 

_ 

+ 

Sept.  19 

25 

— 

-1- 

+ 

do  . 

35 

_ 





do  _ 

31 

do 

16 

+ 

. . .do  . . . 

14 

+ 

10 

Sept.  20 

23 

- 

- 

- 

. . .do  . . . 

21 

— 

— 

— 
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Summary  of  the  bacteriological  examinations  of  tap  water — Continued. 


No. 

Location. 

Date. 

Number 
of  bac- 
teria per 
cubic 
centi- 
meter. 

Fermentation  in  lac- 
tose broth — 

B.coii 
in — 

0.1  cc. 

1 cc. 

10  cc. 

1906. 

cc. 

317 

3329  Brightwood  avenue 

Sept. 21 

26 

- 

- 

+ 

10 

318 

2458  Eighth  street  NW 

do  . . . 

26 





_ 

324 

Western  High  School 

Sept.  24 

33 

+ 

-t- 

325 

Peahody  Library 

....do  ... 

39 

-1- 

327 

1014  F street  NE 

Sept.  25 

21 

328 

1117  V street  NW 

do  . . . 

66 

-1- 

335 

1622  Thirty-second  street  NtV.  (hydrant)  . . 

Sept.  26 

L 365 

+ 

+ 

-1- 

341 

1476  Nevrton  street  NW 

Sept.  27 

23 





+ 

342 

1506  Meridian  place  NW 

do 

76 

344 

Bruce  Colored  School 

Sept.  28 

144 

345 

School  Tenth  and  N streets  NW 

do 

27 

346 

Business  High  School 

do  . . . 

29 

347 

Garrison  School 

do 

28 

348 

Iowa  Circle  NW.  (public  fountain) 

....do  ... 

63 

349 

Sumner  School 

do 

50 

350 

Stevens  School 

do 

11 

351 

2414  K street  NW 

Oct.  1 

9 

352 

714  Twenty-third  street  NW ; 

do  . . . 

15 

353 

1391  F street  NE 

Oct.  2 

10 

354 

68  I street  NW 

do  . . . 

8 

+ 

355 

1221  New  Jersey  avenue  NW 

Oct.  3 

18 

356 

Fire  department  B,  New  Hampshire  ave- 

nue  and  N street 

do  . . . 

16 





379 

Twelfth  and  N streets  NM' 

Oct.  6 

11 

380 

Twenty-third  and  H streets  NW 

do  .. 

17 

408 

Ninth  and  Michigan  avenue 

Oct.  9 

10 

419 

Second  and  G streets ‘NE 

Oct.  10 

30 

428 

Pennsylvania  avenue  and  F street  SE 

Oct.  11 

17 

-(a) 

453 

Twelfth  and  M streets  NW 

Oct.  15 

40 

459 

First  and  B streets  SE 

Oct.  16 

72 

a5  cc.  in  10  cc.  coliunn. 


' A study  of  our  tables  will  show  that  we  made  daily  bacteriological 
examinations  of  seYeral  samples  of  the  tap  water,  collected  as  a rule 
from  houses  in  which  cases  of  typhoid  fever  had  occurred.  We 
could  not,  however,  make  a daily  study  of  the  successive  changes  in 
the  river  water  as  it  passed  through  the  three  subsiding  basins,  the 
filters  and  the  storage  reservoir,  on  account  of  the  distance  of  the 
water  system  from  our  laborator}^  and  the  press  of  other  matters. 
Ail  the  data  we  have,  however,  bearing  upon  this  important  question 
are  given. 

Our  results  show  that  the  great  majority  of  the  bacteria  contained 
in  the  raw  water  are  removed  by  sedimentation,  storage  and  filtra- 
tion. During  the  period  studied  by  us  the  filtered  water  in  the  fil- 
tered water  reservoirs  averaged  36  bacteria  per  cubic  centimeter 
(maximum  80,  minimum  13).  The  water  as  it  runs  from  the  taps 
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contains  a few  more  organisms  (average  64  per  cubic  centimeter) 
than  the  effluent  from  the  filters. 

Our  data  upon  the  number  of  bacteria  found  in  the  raw  water  is 
too  limited  to  give  the  percentage  reduction.  Taking  the  figures  of 
the  filtration  laboratory  for  the  same  period,  viz,  average  7,619  bac- 
teria per  cubic  centimeter  in  the  raw  water,  we  have  99.2  per  cent 
removed  by  the  entire  water  system. 

Our  limited  studies  confirm  the  fact  that  a large  number  of  bac- 
teria are  eliminated  in  the  storage  and  subsiding  basins,  as  well  as  in 
the  sand  filters. 

As  far  as  the  colon  bacillus  is  concerned,  some  of  them  pass  the 
filters  and  survive  in  the  water  as  it  is  collected  in  the  filtered  water 
reservoirs  and  as  it  runs  from  the  taps.  The  number  of  samples  of 
tap  water  containing  the  colon  bacillus  diminished  from  the  last  of 
July  throughout  the  remaining  period  during  which  these  tests  were 
made  (see  p.  27). 

Fifteen  and  two-tenths  per  cent  of  the  samples  of  tap  water  exam- 
ined contained  the  colon  bacillus  in  10  cc.,  2.2  per  cent  in  1 cc., 
making  a total  of  17.5  per  cent  of  the  samples  of  tap  water  examined. 

The  raw  water,  according  to  our  studies,  contained  the  colon 
bacillus  in  71.7  per  cent  of  the  samples  examined.  Sixty-nine  per 
cent  of  the  raw  water  samples  examined  during  the  same  period  at 
the  laboratory  of  the  filtration  plant  contained  the  colon  bacillus. 

This  gives  an  approximate  reduction  of  about  77  per  cent  of  the 
colon  bacilli  in  the  river  water  by  storage  and  filtration. 

THE  MUD  IN  THE  WATER  PIPES. 

The  suggestion  has  been  advanced  by  some  that  the  large  amount 
of  mud  contained  in  the  pipes  of  the  water  s^^stem  retains  the  typhoid 
infection,  this  being  distributed  throughout  the  city.  From  our 
knowledge  of  the  viability  of  the  typhoid  bacillus,  we  should  think 
this  to  be  unlikely,  and  a few  experiments  confirmed  this  opinion. 
Some  of  this  mud  was  placed  in  ordinary  1-inch  iron  pipes,  sterilized, 
and  then  abundantly  planted  with  t}^phoid  cultures.  Two  pipes 
thus  prepared,  containing  the  typhoid  infected  mud,  were  kept,  one 
at  room  temperature  and  one  at  15°  C.  It  was  found  that  the  organ- 
isms were  still  alive  at  the  end  of  thirty  days  but  dead  at  the  end 
of  two  months. 

THE  BACTERIOLOGICAL  STUDIES  OF  POTOMAC  WATER  IN 

PREVIOUS  YEARS. 

It  is  interesting  to  compare  these  results  with  the  work  of  others 
upon  the  bacterial  content  of  Potomac  water  in  previous  }^ears. 

In  1897  and  1898  extensive  analyses  of  the  Potomac  River  water 
were  made  in  the  Hygienic  Laboratory,  United  States  Public  Health 
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and  Marine-Hospital  Service,  and  reported  by  Dr.  J.  J.  Kinyoun, 
then  director  of  the  Laboratory,  in  the  Annual  Report  of  the  Super- 
vising Surgeon-General  for  1898.  Passed  Assistant  Surgeon  E.  K. 
Sprague  conducted  the  bacteriological  examinations,  which  consisted 
of  semi- weekly  analyses  from  a constantly  flowing  tap  from  July  1, 
1897,  to  February  28,  1898.  The  following  table  gives  the  quantita- 
tive results : 

Number  of  bacteria  found  in  Potomac  water  at  each  examination. 


Date. 

Aerobic  bacteria 
found  in  1 cubic 
centimeter. 

Anaerobic  bacte- 
ria in  1 cubic  : 
centimeter.  ! 

1897. 

July  1 

650 

Count  not  made. 

6 

400 

100  , 

9 

4,600 

2,800  : 

12 

366 

33 

15 

33 

66 

19 

266 

400 

22 

200 

66 

26 

166 

66 

29 

? 150 

? 100  ; 

31 

466 

116 

Aug.  2 

316 

100 

5 

183 

66 

9 

216 

116 

12 

133 

83 

16 

300 

33 

19 

100 

200 

23 

283 

433 

26 

250 

66 

30 

166 

300 

Sept.  2 

366 

133  ! 

6 

116 

116 

9 

2,200 

1,200 

13 

150 

200 

16 

50 

500  1 

23 

150 

16 

' 27 

150 

100 

30 

200 

0 

Oct.  4 

16 

50  : 

7 

33 

33  ! 

11....... 

116 

83 

14 

83 

50 

18 

216 

100 

21 

83 

50 

25 

33 

50 

28. 

167 

50 

Date. 

Aerobic  bacteria 
found  in  1 cubic 
centimeter. 

Anaerobic  bacte- 
ria in  1 cubic 
centimeter. 

1897. 

Nov.  1 

17 

50 

4 

167 

33 

8 

733 

117 

11 

183 

133 

15. 

250 

83 

18 

317 

117 

22 

100 

83 

25 

466 

216 

28 

833 

1,000 

Dec.  2 

2,267 

1,200 

. 6 

4,300 

300 

9 

900 

600 

13 

700 

533 

16 

1,200 

366 

20 

933 

433 

23 

1,200 

300 

27 

367 

Count  not  made. 

30 

283 

Do. 

1898. 

Jan.  3 

No  growth. 

67 

6 

.533 

100 

10 

567 

167 

13 

500 

200 

17 

566 

66 

20 

467 

233 

24 

700 

400 

27 

733 

167 

31 

433 

566 

Feb.  3 

400 

400 

7 

633 

66 

10 

167 

87 

14 

166 

200 

17 

333 

33 

21 

333 

66 

24 

1,133 

166 

28 

1,000 

533 

It  will  be  seen  from  this  table  that  the  largest  number  of  bacteria 
occur  in  Potomac  River  water  during  the  winter  and  spring  months. 
It  is  therefore  evident  that  typhoid  fever  is  most  prevalent  in  Washing- 
ton while  the  number  of  bacteria  in  the  river  water  is  lowest,  and  vice 
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versa.  On  the  other  hand,  Doctor  Sprague  showed  that  the  colon 
bacillus  occurs  in  the  greatest  numbers  in  the  Potomac  River  water 
during  the  months  of  September  and  October,  and  attention  is  called 
to  the  parallelism  existing  between  the  death  rate  from  tynhoid  fever 
and  the  percentage  of  times  the  colon  bacillus  was  found. 


Percentage  of  times  colon  bacilli  were  found  in  Potomac  icater. 


Per  cent  of 
examina- 
tion 
present. 


1897. 

July 30 

August 33§ 

September 70 

October 70 

November 40 

December 20 

1898. 

January 20 

February 25 


Doctor  Sprague  states: 

That  during  the  heated  season  the  bacteria  should  be  few  is  natural  and  easy  of 
explanation.  The  anaerobic  bacteria  are  at  this  time  present  in  much  greater  numbers 
in  proportion  to  the  aerobic  than  at  any  other  season  of  the  year.  Xow,  in  as  much  as 
the  anaerobes  indicate  with  a fair  degi-ee  of  accuracy  the  amount  of  sewage  contami- 
nation, it  is  e^'ident  that  from  August  to  Xovember  the  Potomac  River  is  more  dan- 
gerously polluted  than  at  any  other  season  of  the  year.  That  there  should  be  this 
relatively  increased  number  of  sewage  organisms  is  equally  as  readily  explained  as 
that  the  total  number  of  bacteria  should  be  low.  During  the  late  summer  and  early 
autumn  there  is  low  rainfall,  consequently  few  organisms  are  washed  into  the  river 
from  the  surface  of  the  earth,  the  source  of  by  far  the  greater  part  of  the  bacteria  present 
in  water. 

During  the  season,  however,  the  quantity  of  house  sewage  is  appreciably  above  the 
yearly  average,  and  it  is  from  this  source  that  the  bacteria  must  come;  hence  we  have 
a relative  increase  of  the  dangerous  bacteria  and  a dimunition  of  the  nonpathogenic 
varieties.  At  first  glance  it  would  appear  that  the  highest  typhoid  death  rate  with  the 
fewest  organisms  was  contradictory,  but  when  all  the  circumstances  are  taken  into 
consideration  it  is  at  once  seen  that,  so  far  from  being  a contradictory  state  of  affairs, 
it  is  exactly  what  is  to  be  expected.  That  the  t^-phoid  death  rate,  the  presence  of 
colon  bacilli,  the  fermentation  changes  in  the  media  and  the  temperature  should  coin- 
cide with  one  another  is  perfectly  logical,  and  there  is  but  one  conclusion  that  can  be 
drawn  therefrom — the  increased  mortality  from  t^-phoid  and  diarrheal  diseases  is  due 
to  the  increased  quantity  of  bacteria  from  the  intestines  of  man,  which  our  citizens  are 
compelled  to  digest  at  that  time.  The  causal  relation  between  impure  drinking  water 
and  this  death  rate  is  so  exddent  to  my  mind  that  it  is  almost  a criminal  negligence  to 
allow  such  an  easily  preventable  condition  of  affairs  to  longer  obtain  in  our  midst, 
and  it  can  be  truthfully  said  that  just  so  long  as  the  inhabitants  of  this  District  are  com- 
pelled to  use  Potomac  water  in  its  present  state  of  pollution  from  200  to  250  lives  will 
be  needlessly  sacrificed  annually. 
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The  following  is  a summary  of  the  number  of  bacilli  present  in  1 cc. 
of  raw  Potomac  water,  taken  from  the  report  of  Lieut.  Col.  A.  M. 
Miller,  Corps  of  Engineers,  U.  S.  Army,  in  Senate  Document  No.  259, 
Fifty-sixth  Congress,  first  session,  1900: 


Date. 

Maximum. 

Minimum. 

Average. 

Tnlv  09  (lavs') 

1899. 

790 

48 

1 n4 

August 

685 

67 

269 

September 

556 

90 

196 

October 

500 

80 

138 

1 

November 

1,200 

31.000 

51.000 
26,200 

70 

401 

Dpcambpr 

135 

3, 281 
1 700 

.Tap.narv 

1900. 

3,  500 

February 

2,500 

9,950 

Colonel  Miller  says  that — 

The  bacteriological  results  obtained  show  that  the  Potomac  water  as  delivered  from 
the  mains  is,  in  times  of  turbidity  and  low  temperature,  dangerous  to  health  by  reason 
of  the  quantity  of  bacteria  present. 

Fifty  per  cent  of  the  specimens  examined,  or  one-half,  indicated 
the  presence  of  the  colon  bacillus,  from  which  Colonel  Miller  concluded 
that  the  water  supply  of  Washington  was  dangerous  to  health  and 
required  filtration. 

Theobald  Smith  made  a study  of  the  quantitative  variations  in  the 
germ  life  of  Potomac  water  during  the  year  1886.®  The  water  for 
these  analyses  was  dravm  from  a faucet  in  the  basement  of  the  Depart- 
ment of  Agriculture  which  was  contantly  in  use,  so  there  could  have 
been  no  stagnation  of  the  water  in  the  smaller  pipes. 

As  to  the  results  of  these  observations,  we  first  observe  that  the 
number  is  highest  in  winter,  in  spite  of  the  fact  that  the  heat  greatly 
favors  and  cold  checks  multiplication. 


o Medical  News,  vol.  50,  April  9,  1887,  p.  404. 
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Table  giving  the  monthly  average  number  of  bacteria  found  in  1 cc.  of  Potomac  drinldng 

water  during  1886. 


Xumber  of 
observa- 
tions. 


isse. 

January 2 

February - 4 

March 5 

April - 4 

May 3 

June - 2 

July 2 

August - - 1 

September 2 

October 3 

November 1 

December 2 

1S.S7. 

January 3 


Average. 


Rain  fall 
(inches). 


3.774 

3.46 

2,536 

2.79 

1,210 

4.16 

1.521 

4.21 

1.069 

i • 1 1 

34S 

4.9S 

255 

S.42 

254 

i.as 

17S 

1.04 

75 

2.31 

115 

^.69 

967 

3.07 

SS2 

2.19 

“This  anomalous  condition  is  not  so  difficult  of  explanation.  In 
the  winter  the  water  as  it  reaches  the  city  is  more  or  less  turbid^  and, 
when  shaken,  clouds,  composed  of  very  minute  particles,  are  seen. 
These  will  pass  through  orchnary  filter  paper,  and  when  gathered 
together  as  in  distilling  water  the  residue  is  made  up  of  reddish  earth. 
This  turbidity,  most  pronoimced  in  winter,  gradually  disappears 
toward  summer,  when  the  water  becomes  very  clear  and  limpid. 
The  number  of  bacteria  varied  with  the  change  in  turbidity,  being 
highest  when  the  suspended  matter  was  most  abundant.  This  fact 
impressed  me  so  strongly  after  a number  of  observations  that  it 
became  possible  to  anticipate  cpiite  accurately  the  number  of  bacteria 
present  by  looking  at  the  water  in  the  tube  with  the  transmitted 
light.” 

“ It  seemed  reasonable  to  conclude  that  whatever  agency  brought 
the  suspended  earth  also  brought  the  bacteria  and  that  the  earth 
contained  the  bacteria.  Throughout  the  vdnter  of  1886  I noticed 
that  after  heavy  rains  the  turbidity  increased  cpiite  suddenly,  this 
fluctuation,  of  course,  producing  a corresponding  rise  and  fall  in  the 
number  of  bacteria.  The  rain,  washing  dovm  the  soil  from  the  sur- 
face drained  by  the  tributaries  of  the  river,  was  thus  the  cause  of  the 
turbidity.  But  was  there  any  relation  between  the  rainfall  and  the 
number  of  bacteria?  Through  the  kindness  of  the  signal  officer  I 
obtained  the  data  given  in  the  third  column  of  the  table.  Comparing 
the  second  and  third  columns,  the  relation  is  certainly  not  on  the 
surface.  The  heaviest  rains  occurred  in  July,  but  the  number  of 
bacteria  chd  not  rise  perceptibly  and  no  turbichty  appeared.  The 
only  explanation  which  suggests  itself  is  that  which  must  be  sought 
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in  the  changed  condition  of  the  surface  of  the  soil  in  winter  and 
summer  as  regards  vegetation.  The  precipitated  water  is  caught 
by  the  foliage  of  trees,  by  the  grass  and  herbage,  which  clothes  the 
soil  everywhere.  The  soil  itself  is  at  the  same  time  more  firmly 
bound  together  by  the  vegetation  itself.  In  winter  all  this  is  changed. 
The  absence  of  vegetation  leaves  the  loose  soil  ready  to  be  washed 
into  streams  by  rain  and  melting  snow,  carrying  with  it  the  bacterial 
vegetation.” 

^‘The  majority  of  bacteria  carried  into  the  river  are,  no  doubt, 
harmless,  but  what  is  to  prevent  the  infectious  micro-organisms  of 
typhoid  and  other  diseases  from  being  washed  down  and  being 
carried  into  our  houses  with  the  suspended  matter?  The  danger  in 
this  is  not  constant  but  only  occasional.  The  number  of  bacteria 
may  have  no  direct  significance,  but  it  is  certainly  an  index  of  the 
possible  danger.  It  is  safe  to  assume  that  Potomac  water  free  from 
suspended  matter  contains  from  50  to  200  bacteria  in  1 cc.  This  will, 
no  doubt,  be  found  a low  average  for  unfiltered  water  when  more 
statistics  have  been  collected  for  other  streams  whose  water  is  used 
to  supply  towns  and  larger  cities.” 

No  qualitative  examination  of  the  different  kinds  of  bacteria  was 
made  for  want  of  time. 

The  report  of  the  Committee  of  the  District  Medical  Society  on 
typhoid  fever  in  the  District  of  Columbia  (1894)  states  (p.  8.): 

As  the  result  of  one  year’s  observation  made  by  Theobald  Smith,  a relation  was 
found  between  turbidity  and  the  presence  of  bacteria.  Bacteria  were  most  abundant 
in  winter,  January  and  February  having  the  highest  average;  August,  September, 
and  October,  the  months  of  the  greatest  prevalence  of  typhoid  fever,  having  the 
lowest.  Bacteria,  most  of  which  are  harmless,  were  most  abundant  after  heavy  rains, 
and  their  presence  in  association  with  turbidity  proved  the  then  source  to  be  from  the 
washing  of  the  surface  of  the  soil. 

In  the  latest  bacteriological  report  on  Potomac  water  Theobald  Smith  adheres  to 
this  statement,  and  says  that  fecal  bacteria  and  turbidity  were  coincident;  that  is, 
that  rainfall  carries  into  the  Potomac  whatever  may  happen  to  be  on  the  surface  of 
the  soil — clay,  manure  from  the  fields,  inorganic  or  organic  matter  of  any  sort.  The 
nature  of  the  country  through  which  the  Potomac  flows,  much  of  it  being  mountainous, 
as  well  as  the  absence  of  large  cities  on  its  banks,  diminish  the  risks  of  infection  from 
this  source.  As  the  country  comes  more  and  more  under  cultivation  turbidity  and 
impurity  from  the  washing  of  plowed  and  manure-covered  land  will  be  more  common. 
The  possibility  of  the  introduction  into  the  water  of  the  micro-organism  of  typhoid 
fever  is  dependent  upon  its  presence  in  localities  washed  by  the  Potomac  and  its 
tributaries. 
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It  must  certainly  be  admitted  in  the  light  of  our  present  knowledge 
that,  as  a general  thing,  the  cause  or  causes  of  typhoid  fever  in  any 
community  lie  beyond  the  reach  of  chemical  investigation.  Indeed, 
it  is  doubtful  whether  in  all  instances  the  more  remote  causes  of  the 
disease  are  even  within  the  immediate  scope  of  bacteriology,  for  the 
reason  that  ovdng  to  the  time  which  must  necessaril}’-  elapse  between 
the  recognition  of  the  disease  in  the  individual  and  the  time  of  infec- 
tion the  immediate  source  of  the  infection  mav  have  ceased  to  exist, 
so  that  we  are  of  the  opinion,  so  ably  advanced  by  Professor  Sedg- 
wick,® that  it  frequently  happens  that  the  cause  or  causes  of  such 
diseases  as  typhoid  which  have  become  endemic  are  to  be  sought  for, 
not  only  in  the  laboratory,  but  in  the  community  at  large,  through 
the  study  and  comparison  of  sanitary  statistics,  which,  in  many 
cases  at  least,  represent  results  and  data  covering  long  periods  of 
time. 

On  the  other  hand,  it  occasionally^  happens,  as  recently  pointed 
out  by  Professor  Mason,  ^ that  in  some  instances  at  least,  notably  in 
the  case  of  certain  well  waters,  the  danger  signal  of  a serious  condition 
of  pollution  has  been  held  out  by  the  chemical  side  of  the  investiga- 
tion alone,  and  while,  as  he  puts  it,  bacteriology  deals  with  the  pres- 
ent, chemistry,  in  the  case  of  a natural  water,  deals  with  the  past,  and 
may  occasionally,  at  least,  throw  some  light  on  the  future  in  so  far 
as  pollution  or  infection  is  concerned. 

It  should  be  borne  in  mind,  however,  that  among  others  who 
have  done  a very  great  amount  of  work  in  this  field,  and  whose 
opinions  are  in  every  way  entitled  to  respect,  there  are  some  who  are 
inclined  to  question  the  value  of  a sanitary  water  analysis,  and,  as 
has  recently  been  pointed  out  by  Leighton‘S  in  criticism  of  the  case 

“ See  address  delivered  before  Section  K of  the  American  Association  for  the 
Advancement  of  Science,  Xew  Orleans,  December,  1905.  Science,  New  Series,  Vol. 
XXIII,  No.  584,  pp.  362-367. 

^ “Interpretation  of  a Water  Examination,”  by  W.  P.  Mason.  Science,  New  Series, 
Vol.  XXI,  No.  539,  pp.  644-653. 

cSee  “The  Futility  of  a Sanitary  Water  Analysis  as  a Test  of  Potability,”  by  Mar- 
shall 0.  Leighton,  in  Biological  Studies  by  the  Pupils  of  William  Thompson  Sedgwick, 
Boston,  1906,  pp.  36-53. 
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cited  bv  Mason^  the  '‘danger  signal'’  of  the  pollution  of  this  partic- 
idar  well  under  discussion  was  first  discovered,  not  in  the  findings  of 
the  chemical  analysis,  as  held  by  Mason,  but  in  the  occurrence  of 
disease  in  this  particular  residence  and  in  the  fact  that  on  these 
premises  a “ dry-steyned " cesspool  and  a shallow  well  were  "both 
sunk  in  gravel"  at  the  short  distance  of  only  4 yards  apart.  While 
it  is  well  to  bear  in  mind  the  present  unsettled  condition  of  opinion 
which  prevails  on  the  subject  of  sanitary  water  analysis  and  which  in 
itself  is  no  new  thing,  it  is  not  a part  of  the  problem  before  us  to 
enter  into  any  discussion  of  these  conflicting  views,  but  simply  to 
make  such  use  as  we  can  of  chemical  analysis  as  one  of  the  several 
means  to  the  end  of  arriving  at  the  cause  of  typhoid  fever  in  the 
District  of  Columbia. 

Our  present  inquiry,  therefore,  has  included  the  chemical  examina- 
tion or  sanitary  analysis  of  the  principal  kinds  of  water  used  for 
drinking  pimposes  in  the  District  of  Columbia.  Broadly,  the  several 
kinds  of  water  used  for  drinking  pimposes  in  this  locality  niay  be 
classified  as  follows ; 

First,  the  filtered  water  of  the  Potomac  River,  which  is  used  for 
drinking  pimposes  by  certainly  the  gi’eater  number  of  the  inhabitants 
of  W ash  in  gt  on  and  the  District  of  Columbia ; secondly,  the  waters  of  24 
deep  and  63  shallow  public  wells,  distributed  over  a comparatively 
large  area,  but  located  in  largest  number  in  the  northwest  portion  of 
the  city,  the  waters  of  which  are  used  for  drinking  purposes  by  a con- 
siderable number  of  persons:  and  thirdly,  a number  of  so-called 
table  or  bottled  waters,  including  distilled  water,  manufactimed  here 
and  elsewhere,  and  of  which  a considerable  number  are  used  for 
drinking  purposes  among  the  wealthier  classes,  but  which  obviously 
are  used  by  a fewer  number  of  persons.  Oiu  study  has  also  included 
the  chemical  examination  of  the  local  water  supplies  of  certain  insti- 
tutions and  communities,  such  as  that  of  the  Government  Hospital 
for  the  Insane,  Soldiers'  Home,  and  Chevy  Chase.  IVe  have  also 
examined  a number  of  samples  of  ice,  sold  and  manufactured  in  the 
city,  and  a mmiber  of  wells  used  in  connection  with  ice  plants,  either 
for  the  manufactme  of  ice  or  for  the  purposes  of  mechanical  cooling 
and  condensation,  ot’  both. 

METHODS  OF  ANALYSIS. 

So  far  as  practicable,  we  have  followed  the  standard  methods  of 
water  analysis  recommended  by  the  committee  on  standard  methods 
of  water  analysis  of  the  American  Public  Health  Association,  which 
are  set  forth  in  detail  in  their  final  report  published  in  Supplement 
Xo.  1,  May,  1905,  of  the  Journal  of  Infectious  Diseases.  Our  exami- 
nation included,  in  most  instances  at  least,  the  determination  of 
total  solids,  chlorine,  free  and  albuminoid  ammonia,  nitrites,  nitrates, 
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dissolved  oxygen,  and  oxygen  consumed,  together  with  the  physical 
characteristics  of  the  water,  such  as  color,  odor,  turbidity,  and  sedi- 
ment. In  the  time  at  our  disposal,  and  for  other  reasons,  it  has  not 
been  found  possible  in  all  cases  to  determine  the  color  and  turbidity 
in  terms  of  the  standards  now  in  use  for  these  purposes.  However, 
in  all  cases  the  best  general  description  possible  has  been  given  of  the 
several  samples  of  water  analyzed,  and  in  all  cases  in  which  it  has 
been  found  possible  to  do  so  comparison  has  been  made  with  the 
fixed  standards  for  color  and  turbidity,  and  in  our  tables  the  num- 
bers obtained  have  been  placed  alongside  of  the  general  description 
of  the  water.  The  waters  of  the  shallow  wells  were  found  to  be  so 
clear  and  colorless  as  to  render  these  determinations  unnecessarv, 
and  on  account  of  the  iron  which  they  contained  the  waters  of  the 
deep  wells  altered  so  much  in  color  and  turbidity  on  standing  after 
the  sample  had  been  collected  that  such  determinations  are  without 
significance.  Except  in  the  determination  of  total  solids,  the  sev- 
eral determinations  on  all  samples  of  water  were  begun  as  soon  as  the 
sample  was  brought  into  the  laboratory  and  completed  the  same  day 
as  collected,  so  that  at  most  only  a few  hours  elapsed  between  the 
collection  of  the  sample  and  the  completion  of  the  chemical  examina- 
tion thereof.  The  determination  of  total  solids,  includiug  the  total 
residue  on  evaporation,  the  mineral  residue,  and  the  volatile  matter, 
was  in  most  instances  also  begun  within  a few  hours  after  the  collec- 
tion of  the  sample,  and  whenever  for  an}^  reason  evaporation  had  to 
be  postponed  this  determination  has  been  made  at  another  date  on  a 
duplicate  sample  of  the  water,  and  in  the  few  instances  in  which  we  have 
had  reason  to  suspect  the  solution  of  the  glass  of  the  container  by  the 
water  of  the  sample  a note  has  been  made  to  this  effect.  On  account 
of  the  great  humidity  of  the  atmosphere  of  the  laboratory  during  the 
month  of  August — a month  of  excessive  rainfall  in  the  District  of 
Columbia — and  the  extremely  deliquescent  character  of  certain  of 
the  total  residues  of  the  shallow  wells,  we  were  compelled  to  postpone 
the  determination  of  total  solids  of  certain  of  these  waters  until  Sep- 
tember or  October,  when  determinations  were  made  on  duplicate 
samples  of  the  waters.  Finally,  it  should  be  noted  in  passing  that 
whenever  possible  our  standards  and  solutions  were  checked  by  com- 
parative determinations  on  solutions  of  chemically  pure  salts. 

NUMBER  OF  SAMPLES  OF  WATER  ANALYZED. 

Since  July  16,  1906,  on  which  date  the  bacteriological  and  chemical 
examinations  of  the  water  supply  of  the  District  were  begun,  sanitary 
analyses  of  283  samples  of  water  have  been  made  in  the  chemical 
division  of  the  Hygienic  Laboratory.  These  have  included: 

(1)  Fourteen  complete  sets  of  analyses  of  waters  of  the  reservoirs, 
the  samples  of  which  were  taken  at  weekly  or  semiweekly  intervals. 
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from  July  30  to  September  27,  1906,  inclusive,  from  the  Dalecarlia 
inlet  and  outlet,  the  outlet  of  the  Georgetovm  reservoir,  the  outlet  of 
the  Washington  City  reservoir,  and  the  storage  basin  near  the  outlet. 

(2)  Forty-nine  specimens  of  tap  water  collected  at  various  points 
over  the  city  at  dates  indicated  in  Table  7,  between  July  16  and  Sep- 
tember 28,  1906. 

(3)  Twenty-three  waters  of  deep  wells. 

(4)  Sixty- three  waters  of  shallow  wells. 

(5)  Eleven  specimens  of  water  from  small  miscellaneous  water 
supplies. 

(6)  Twenty  table  waters. 

(7)  Twenty-seven  specimens  of  ice. 

(8)  Twent}^  waters  of  wells  connected  with  ice  plants. 

In  addition  to  this,  duplicate  determinations  of  chlorine,  nitrites, 
and  nitrates,  and  in  many  instances  of  total  solids,  have  been  made 
on  all  of  the  well  waters,  86  in  number,  with  the  view  of  detecting 
any  variation  in  the  nature  and  amount  of  the  impurities,  and,  as 
ma}^  be  seen  from  Tables  8,  9,  10,  11,  and  12  in  the  case  of  certain 
of  the  well  waters,  some  of  these  determinations  have  been  made 
several  times  and  at  different  dates  during  the  period  covered  by 
this  investigation. 

OTHER  CHEMICAL  INVESTIGATIONS  OF  THE  WATER  SUPPLY  OF 

THE  DISTRICT  OF  COLUMBIA. 

Through  the  courtesy  and  cooperation  of  Doctor  Woodward, 
Doctor  Lynch’s  analyses  of  the  well  waters  of  the  District  have  been 
placed  at  our  disposal,  together  with  his  (Lynch’s)  analyses  of  a 
number  of  samples  of  ice  manufactured  in  the  District.  We  have 
also  availed  ourselves  of  the  large  amount  of  anatytical  data  on  the 
Potomac  water  supply  contained  in  Senate  Document  No.  259,  Fifty- 
sixth  Congress,  first  session,  and  in  Senate  Report  No.  2380,  Fifty- 
sixth  Congress,  second  session,  by  Charles  Moore,  etc. 

In  1891  the  well  waters  of  the  District,  of  which  at  that  time  there 
were  270,  were  very  carefully  analyzed  by  Clifford  Richardson.  The 
results  of  his  investigations  on  this  subject  were  published  in  the 
Journal  of  Analytical  and  Applied  Chemistry  (vol.  5,  pp.  1-36),  and 
ordinarily  would  furnish  valuable  data  for  comparison,  particularly 
as  throwing  light  on  the  variation  in  the  composition  of  the  well 
waters  during  this  comparative!}^  long  period.  Of  the  270  wells 
existing  at  the  time  that  Richardson  made  his  analyses,  however,  by 
far  the  greater  number  have  been  closed  and  most  of  those  now  in 
use  throughout  the  District  have  been  opened  since  his  analyses  were 
made,  so  that  comparatively  few  comparisons  are  possible.  In  a 
general  way,  however,  his  analyses  show  essentially  the  same  con- 
dition of  the  water  of  the  shallow  wells  that  prevails  to-day.  He 
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found  the  greater  number  of  these  waters  to  contain  large  amounts 
of  chlorine  and  nitrates;  if  anything,  somewhat  larger  amounts  than 
have  been  found  by  Longley,  Lynch,  and  myself  in  the  waters  of 
such  shallow  wells  as  are  in  use  to-day.  He  arrived  at  the  conclusion 
that  only  27  per  cent  of  these  waters  were  ‘^passable,’’  the  remainder 
being  polluted. 

We  have  included  also  in  our  tables  the  results  of  the  analyses 
made  by  these  several  chemists,  to  whom  due  acknowledgment  is 
hereby  made,  and  any  conclusions  which  have  been  arrived  at 
respecting  the  pollution  of  any  of  these  water  supplies  have  been 
reached  from  a study  of  all  of  the  analytical  data  available  at  the 
present  time. 

The  results  of  our  analyses,  together  with  those  obtained  by  other 
investigators,  are  given  in  the  following  tables: 


Number  of  table.  Subject  of  table. 


1 and  2 

3,  4,  and  5. 


8 

9,  10,  11,  and  12 

13  

14  

15  

16  

17 

18,  19,  20,  21,  22,  and  23. 

24  

25  

26  


The  waters  of  the  reservoirs  and  storage  basin. 

Analyses  of  the  water  of  the  Potomac  River. 

Analyses  of  the  waters  of  several  American  rivers. 

Taps  and  hydrants. 

Analyses  of  the  waters  of  deep  wells  in  the  District  of  Columbia. 

Analyses  of  the  waters  of  shallow  wells  in  the  District  of  Columbia.^ 

Condition  of  shallow  wells  as  shown  by  chemical  analysis. 

Condition  of  shallow  wells  as  shown  by  the  bacteriological  examination. 

List  of  shallow  wells  regarded  as  unfit  for  drinking  purposes. 

Summary  of  results  of  analyses  of  the  water  of  the  reservoirs  and  storage 
basin.  (July  to  October,  1906.) 

Summary  of  Longley’s  analyses  of  the  water  of  the  reservoirs  and  storage 
basin.  (February  to  June,  1906.) 

Chemical  purification  of  Potomac  water  due  to  subsidence  and  filtration. 

The  composition  of  tap  water  as  compared  with  the  waters  of  the  Dalecarlia 
reservoir,  inlet,  and  the  storage  basin. 

Analyses  of  tap  water,  compared  for  different  short  periods,  during  the  sum- 
mer of  1906. 

Analyses  of  tap  water  supplied  the  city  of  Washington,  during  the  summer  of 
1904  and  1906. 


Results  of  analyses  of  miscellaneous  water  supplies: 

(1)  The  Government  Hospital  for  the  Insane  (St.  Elizabeth’s). 

(2)  The  Soldier’s  Home. 

(3)  Chevy  Chase. 

Chemical  analyses  and  results  of  bacteriological  examination  of  table  waters.^ 

Chemical  analyses  and  results  of  bacteriological  examination  of  ice  sold  in  the 
District  of  Columbia. & 

Chemical  analyses  of  ice  manufactured  in  the  District  of  Columbia,  by  Doctor 
Lynch.  6 

Chemical  analyses  and  results  of  bacteriological  examination  of  wells  in  use 
in  ice  factories  in  the  District  of  Columbia. 6 


o In  Tables  8,  9,  10,  11,  and  12,  the  results  given  immediately  following  the  laboratory  number  of  the 
given  well  are  our  own.  Those  marked  “L”  are  the  results  of  Longley’ s analyses,  those  marked  “Ly” 
were  obtained  by  Lynch,  and  those  marked  “R”  were  obtained  by  Clifford  Hichardson. 
b Given  in  other  sections  of  the  report. 
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INTERPRETATION  OF  THE  RESULTS  OF  THE  SANITARY  ANALYSES 

OF  THE  WATER  SUPPLIES  OF  THE  DISTRICT  OF  COLUMBIA. 

Since  the  celebrated  Broad  street  well  investigation  (London),  in 
1854,  which,  according  to  Kinnicutt®  was  the  first  to  attract  gen- 
eral attention  to  the  fact  that  there  might  be  a connection  between 
the  use  of  polluted  water  and  disease,  various  attempts  have  , been 
made,  especiall}^  by  English  chemists,  to  devise  chemical  methods 
and  standards  whereby  the  sewage  pollution  of  a given  water  could 
be  accurately  measured.  The  earlier  investigations  on  this  subject 
were  made  by  Frankland^  (member  of  the  Kivers  Pollution  Com- 
mission, London),  Wanklyn,  Chapman,  and  Smith,*"  and  by  Tidy. 

It  is  interesting  to  note  that  these  investigators  were  by  no  means 
agreed  as  to  the  methods  and  standards  best  suited  for  measuring 
the  pollution  of  natural  waters.  As  a matter  of  fact  their  labors,  in 
this  field  immediately  gave  rise  to  one  of  the  most  prolonged  contro- 
versies on  this  subject,  a controversy  which,  in  one  form  or  another, 
has  been  carried  on  more  or  less  vigorously  from  that  time  dovm  to  the 
present.  The  result  has  been  that  no  sooner  has  one  standard  been 
agreed  upon  by  one  chemist  and  his  immediate  followers  than  its 
value  has  been  called  in  question  by  others,  and  other  methods  and 
standards  substituted  in  its  place.  That  this  matter  is  still  the  sub- 
ject of  much  discussion  and  much  difference  of  opinion  ma}^  be  seen 
from  the  titles  of  three  very  interesting  communications  on  this  sub- 
ject, of  recent  date,  by  three  American  chemists,  all  of  whom  have 
had  a wide  experience  in  this  particular  field  of  chemical  investiga- 
tion, and  a very  good  idea  of  the  present  condition  of  sanitary  water 
analysis  may  be  gained  from  a stud}^  of  these  three  communications, 
viz:  ^^The  sanitary  value  of  a water  anal3^sis,’’  b}^  Leonard  P.  Kin- 
nicutt  (Science,  N.  S.,  Vol.  XXIII,  1906,  No.  576,  pp.  56-66);  “Inter- 
pretation of  a water  examination,^  b}"  W.  P.  Mason  (Science,  N.  S., 
Vol.  XXI,  No.  539,  pp.  648-653),  and  “The  futility  of  a sanitar}^ 
water  analj'sis  as  a test  of  potability,’^  by  Marshall  O.  Leighton  (in 
Biological  Studies  by  the  Pupils  of  William  Thompson  Sedgwick, 
Boston,  1906,  pp.  36-53). 

Without  entering  more  fully  into  the  merits  of  this  ^evj  vexed 
question,  concerning  which  doubtless  much  remains  to  be  said  on 
both  sides,  it  may  be  stated  briefly  that  it  is  the  general  concensus  of 
opinion  of  those  most  competent  to  deal  with  the  subject  of  water 
pollution,  that  no  one  is  au}^  longer  justified  in  passing  judgment  on 

a Science,  N.  S.,  XXIII,  p.  57. 

&Joiir.  Lend.  Chem.  Soc.,  XXI  (1868,  pp.  77-108,  and  ibid.,  Vol.  XXIX  (1876), 
pp.  825-851,  also  Reports  of  Rivers  Pollution  Commission  (London),  (1866-1874). 

cibid.,  Vol.  XX  (1867),  pp.  445-454,  and  Vol.  XXI  (1868),  pp.  152-172,  and  also 
“Water  analysis,  ” by  Wanklyn  and  Chapman,  London,  1868. 

^?Ibid.,  Vol.  XXXI  (1879),  pp.  46-106. 
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the  potability  of  a given  water  from  the  chemical  analysis  alone,  but 
that  in  order  to  form  a correct  opinion  on  this  point,  three  things  at 
least  have  to  be  taken  into  consideration:  First,  the  source  of  the 
water  and  the  sanitary  conditions  of  the  watershed;  second,  the 
number  and  character  of  the  microorganisms  present  in  the  water ; and 
third,  the  chemical  composition  of  the  water,  or  rather  the  nature  and 
amount  of  the  impurities  contained  therein,  paying  particular  atten- 
tion of  course  to  those  substances  whose  presence  in  quantities  over 
and  above  certain  more  or  less  arbitrarily  fixed  amounts  have  gen- 
erally been  agreed  upon  by  investigators  in  this  field  as  indicating 
pollution,  viz,  chlorine,  nitrogen  in  the  form  of  free  and  albuminoid 
ammonia,  nitrites,  nitrates,  oxygen  required,  etc.,  and  also  to  the 
gross  physical  characteristics  of  the  water,  such  as  color,  turbidity, 
odor,  sediment,  etc.® 

According  to  Whipple^,  a pure  and  wholesome  water — 

must  be  free  from  all  poisonous  substances,  as  the  salts  of  lead;  must  be  free  from  bac- 
teria and  other  organisms  liable  to  cause  disease,  such  as  the  bacilli  of  typhoid  fever  or 
dysentery;  it  must  also  be  free  from  bacteria  of  fecal  origin,  such  as  B.  Coli.  In  other 
words,  the  water  must  be  free  from  poisonous  substances,  from  infection,  and  even 
from  contamination  c.  Besides  this,  it  must  be  practically  clear,  colorless,  odorless, 
and  reasonably  free  from  objectionable  chemical  salts  in  solution  and  from  microscopic 
organisms  in  suspension.  Moreover,  it  must  be  well  aerated.  Color,  turbidity,  odor, 
dissolved  salts,  etc.,  may  be  permissible  to  a small  degree  without  throwing  the  water 
outside  of  the  definition  of  pure  and  wholesome  waters.  In  these  minor  matters,  local 
standards  govern  up  to  a certain  point,  and  it  is  in  regard  to  them  that  differences  in  the 
judgment  and  experience  of  analysts  lead  to  different  classifications. 

According  to  the  same  author: 

If  the  water  under  consideration  has  been  used  for  a considerable  time,  the  typhoid 
fever  death  rate  of  the  community  will  fairly  well  represent  the  sanitary  quality  of  the 
water  supply.  It  will  not  tell  the  whole  story,  but  in  many  cases  it  will  not  lead  far 
astray. 

A consideration  of  the  results  of  our  own  analyses  and  those  of 
other  analysts,  of  the  several  water  supplies  of  the  District  of  Colum- 
bia, in  the  light  of  these  several  criteria  for  judging  the  purity  and 
wholesomeness  of  a water,  leads  to  the  following  conclusions : 

It  will  be  seen  from  the  summaries  of  analyses  given  in  Tables 
1 and  2 that  the  water  of  Dalecarlia  reservoir  at  the  inlet  shows  more 

See  the  following  authorities:  Mason,  Water  Supply  (1898),  p.  360;  see  also  Mason, 
“Examination  of  Water”  (1901),  Introduction,  pp.  1-6;  also  Clifford  Richardson, 
“ Characteristics  of  Well  and  Spring  Waters  in  a Thickly  Populated  Area,”  Jour.  Anal, 
and  Appl.  Chem.,  Vol.  V (1891),  p.  22,  section  5.  Palmer,  “Chemical  Survey  of  the 
Waters  of  Illinois”  (1903),  pp.  37-41.  Richards  and  Woodman,  “Air,  Water,  and 
Food  ” (1901),  pp.  67-81.  Leffman,*  “ Examination  of  Waters,”  5th  ed.  1903,  p.  10*8. 

& “The  value  of  Pure  Water,”  by  George  C.  MTiipple,  Biological  Studies  by  the 
Pupils  of  William  Thompson  Sedgwick,  Boston,  1906,  p.  54-77. 

c In  a footnote  this  author  says  by  this  term  (meaning  contamination)  is  meant 
pollution  with  fecal  matter.  Contamination  must  be  considered  as  potential 
infection. 
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free  and  albuminoid  ammonia  and  more  nitrites  and  requires  con- 
siderably more  oxygen  to  oxidize  the  organic  matter  present  in 
the  water  than  we  would  expect  of  a safe  and  potable  water.  The 
quantity  of  chlorine  is  small,  and  in  the  present  state  of  our  knowl- 
edge regarding  the  normal  chlorine  for  the  Potomac  watershed, 
throws  but  little,  if  any,  light  on  the  degree  of  pollution  of  Potomac 
water.  According  to  information  kindly  furnished  us  by  Mr.  Leigh- 
ton, chief  of  the  hydrograpliic  division  of  the  United  States  Geolog- 
ical Survey,  many  attempts  have  been  made  to  determine  the  normal 
chlorine  for  the  District  of  Columbia  and  the  Potomac  drainage  area 
with  but  little  success.  In  a letter  dated  November  27,  1906,  he  says: 


I feel  fairly  sure  that  the  normal  chlorine  for  the  District  is  not  far  from  three  parts 
per  million;  yet  our  results  vary  from  1.6  to  7.8  parts. 

In  view  of  these  uncertainties  regarding  the  normal  chlorine,  the 
amount  of  chlorine  found  in  the  Potomac  water  at  the  Dalecarlia 
inlet  throws  but  little  light  on  the  subject  under  consideration — 
namely,  the  degree  of  pollution  of  the  water  of  the  Potomac.  The 
quantity  of  nitrates  is  small,  and  the  water  is  well  aerated,  contain- 
ing an  average  of  7.44  parts  per  million  of  dissolved  oxygen,  corre- 
sponding to  89.6  per  cent  saturation.  Except  after  a heavy  rain, 
the  total  solids  left  on  evaporation  are  small.  The  residue  from 
evaporation  has  always  been  found  to  char  considerably  on  ignition, 
and  the  odor  evolved  on  burning  is  something  like  that  of  burning 
wood,  and  also  somewhat  disagreeable.  The  turbidity,  color,  odor, 
and  sediment  var}^  greatly  with  the  rainfall.  After  a long  dry  spell  the 
water  of  the  river  is  reasonablv  clear,  and  at  such  seasons  it  shows 
only  a slight  turbidity  and  yields  only  a small  amount  of  sediment  on 
standing.  After  and  during  periods  of  heavy  rainfall,  however,  the 
river  is  muddy  and  the  turbidity  of  the  water  is  great,  and  on  stand- 
ing it  yields  a considerable  amount  of  sediment,  chieflj'  clay.  The 
odor  of  the  uniiltered  river  water  mav  be  described  as  eartlw  or 

X/ 

woody,  and  during  the  period  covered  by  our  observations  nothing 
particularly  disagreeable  or  objectionable  in  the  odor  was  observed. 

For  the  sake  of  comparison  we  have  included  in  Tables  3,  4,  and  5 
the  results  of  analyses  of  Potomac  water  made  by  various  analysts  at 
different  times,  and  also  in  Table  6 the  analyses  of  the  waters  of 
a number  of  American  rivers.  It  is  evident  from  the  results  given  in 
Table  4 that  the  water  of  the  Potomac  is  liable  to  considerable  varia- 
tion in  the  amounts  of  the  several  impurities.  These  variations  can 
be  readily  understood  when  it  is  borne  in  mind  that  the  Potomac 
drains  a more  or  less  greatly  diversified,  hilljr,  and  mountainous  region, 
over  which  the  rainfall  varies  greatly  at  different  seasons  of  the  year, 
and  in  fact  during  the  same  season.  Casual  inspection  of  the  river  is 
all  that  is  required  in  order  to  form  an  idea  of  the  extremely  variable 
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and  fluctuating  character  of  Potomac  water.  During  a large  part  of 
the  month  of  November,  1906,  the  river  was  low  and  the  water 
relatively  clear  and  free  from  mud;  during  the  months  of  July  and 
August,  on  the  other  hand,  the  river  was  quite  high  and  the  water 
muddy  and  extremely  turbid.  The  purification  of  the  Potomac 
water  supply  presents  much  the  same  problem  that  has  been  encoun- 
tered in  the  purification  of  the  waters  of  our  southern  rivers,  which, 
at  certain  seasons  of  the  year,  contain  large  amounts  of  clay  in  sus- 
pension, thereby  causing  sudden  and  extreme  variations  in  turbidity.® 

petrification  of  THE  POTOMAC  WATER  SUPPLY  BY  SUBSIDENCE  AND 

FILTRATION. 

As  the  water  of  the  Potomac  Kiver  passes  through  the  several 
reservoirs  on  its  way  to  the  sand  filters,  the  flow  of  the  water  becomes 
less  rapid  and  certain  chemical  and  bacteriological  changes  occur, 
all  tending  toward  a considerable  purification  of  the  water.  A fur- 
ther purification  of  the  water  is  effected  by  sand  filtration.  That 
such  is  the  case  may  be  seen  from  the  general  summary  of  the  results 
of  our  analyses  of  the  waters  of  the  reservoirs  and  storage  basin  given 
in  Table  16,  and  also  from  the  summary  in  Table  17,  giving  the 
results  of  the  analyses  made  by  Mr.  Longley  of  20  weekly  samples  of 
the  waters  of  the  reservoirs  and  storage  basm  covering  a period  from 
February  13  to  June  26,  1906.  These  two  sets  of  analyses  show  a 
reasonable  agreement,  especially  when  it  is  borne  in  mind  that  they 
were  made  at  different  seasons  of  the  year  and  that  the  water  of  the 
Potomac  is  subject  to  considerable  variation.  It  will  be  seen  from 
Table  16  that  during  the  period  covered  by  our  examination  of  the 
waters  of  the  reservoirs,  viz,  from  July  30  to  September  27,  1906,  the 
average  turbidit}^  gradually  diminished  in  passing  from  the  inlet  of 
the  Dalecarlia  reservoir  to  the  filter  beds  from  an  average  of  221  at 
Dalecarlia  inlet  to  46  in  the  Washington  Citv  reservoir.  There  was 
also  a gradual  falling  off  of  about  one-third  in  total  solids  and 
mineral  matter,  and  also  about  the  same  diminution  in  the  quanti- 
ties of  free  and  albuminoid  ammonia.  The  oxygen  consumed  also 
showed  a falling  off  of  about  one-fourth,  the  nitrates  and  dissolved 
oxygen  remaining  practically  the  same  as  at  the  inlet,  whereas  the 
nitrites  were  found  to  increase  gradually  from  0.0031  parts  per 
million  at  the  Dalecarlia  inlet  to  0.0065  parts  per  million  in  the 
Georgetown  reservoir,  and  then  to  decrease  to  0.0056  parts  per  million 
in  the  Washington  City  reservoir.  The  chlorine  was  also  found  to 
diminish  slightly  in  passing  through  the  series  of  reservoirs,  so  that  the 
general  effect  of  the  slow  passage  of  the  w’ater  through  the  reservoirs 

“See  statement  of  G.  W.  Fuller  in  “Purification  of  the  Washington  Water  Supply,” 
by  Charles  Moore,  pp.  41-42. 
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is  to  improve  it  considerably  as  the  result  of  oxidation  and  subsidence. 
In  Tables  18  to  23,  inclusive,  winch  have  been  compiled  from  the 
data  given  in  Tables  16  and  17,  ^vill  be  found  mimbers  representing 
the  actual  physical  and  chemical  improvement  of  the  water  due  to 
subsidence  and  filtration.  This  improvement  is  expressed  in  parts 
per  million  and  also  in  per  cent. 

On  passing  from  the  Washington  City  reservoir  through  the  sand 
filters  the  Potomac  water  is  still  further  purified.  That  such  is  the 
case  mav  be  seen  from  Tables  20  and  21. 

It  will  be  observed  that  the  sand  filters  effect  a reduction  in  the 
turbidity  of  the  water  amounting  to  90  per  cent.  The  general  paral- 
lelism between  turbidity  and  bacterial  improvement,  as  shown  by 
the  curves  in  Fig.  I,  is  also  a matter  of  interest  in  this  connection.  It 
will  also  be  seen  from  Tables  20  and  21  that  there  is  a slight  reduc- 
tion in  the  amount  of  total  solids,  especially  in  the  amount  of  nfineral 
matter.  The  amount  of  chlorine  remains  practicall}’  the  same  as  m 
the  water  of  the  Washington  City  reservoir.  There  is  a falling  off  in 
the  amount  of  the  albuminoid  ammonia  as  the  result  of  filtration 
amounting  to  43.7  per  cent  and  an  improvement  in  the  water  as 
shovm  by  the  quantity  of  oxygen  consumed  amounting  to  33.3  per 
cent.  Perhaps  the  most  striking  chemical  difference,  however, 
between  the  water  of  the  Washington  City  reservoir  and  the  effluent 
is  seen  in  the  quantities  of  nitrites  present  in  the  two  waters.  It 
will  be  observed  that  the  effect  of  filtration  has  been  to  accomplish 
the  removal  of  94.6  per  cent  of  the  nitrites  present  in  the  water  of 
the  Washington  City  reservoir,  and  yet,  as  ma}^  be  seen  from  Table 
16,  the  nitrites  show  a gradual  increase  in  the  slow  progress  of  the 
water  through  the  reservoirs,  so  that  in  reality  the  water  of  the 
Washington  City  reservoir  contains  a larger  quantity  of  nitrites 
than  the  river  water  at  the  Dalecarlia  inlet.  The  effect  of  filtration 
is  to  remove  the  nitrites  almost  completely.  In  itself  this  change 
in  the  amount  of  nitrites  from  0.0056  parts  per  million  in  the  water 
of  the  Washington  City  reservoir  to  0.0003  parts  per  million  in  the 
effluent  of  the  filters  is  insignificant,  and  3^et,  considering  the  real 
significance  attaching  to  the  presence  of  even  verj'  small  amounts  of 
nitrites  in  natural  waters,  it  is  of  reall}^  great  importance  as  throw- 
ing light  on  the  chemical  changes  accomplished  hj  filtration.  The 
disappearance  of  the  nitrites  is  accompanied  b}^  a slight  increase  in 
the  amount  of  nitrates  present  in  the  filtered  water  as  compared  with 
the  water  of  the  Washington  City  reservoir,  and  also  by  a loss  of 
dissolved  oxygen  amounting  to  16.7  to  21  per  cent.  These  changes 
go  to  show  that  not  only  do  the  sand  filters  effect  a mechanical  puri- 
fication of  the  applied  water  by  straining  out  any  particles  that  may 
be  held  in  suspension,  but  also^  that  they  effect  a stiff  further  purifi- 
cation of  the  water  through  processes  of  oxidation.  That  such  is 
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the  case  is  also  evident  from  the  fact  that  while  the  ox}^gen  required 
to  oxidize  the  organic  matter  present  in  the  water  of  the  Washington 
Cit}^  reservoir  amounts  to  three  parts  per  million;  in  the  filtered 
water  onh^  two  parts  are  required,  indicating  a removal  tlmough  fil- 
tration of  oxidizable  material  amounting  to  33.3  per  cent  of  that 
present  in  the  applied  water.  When  it  is  borne  in  mind  that  an}^ 
considerable  quantity  of  nitrites  in  water  mdicates  that  changes  due 
to  livmg  organisms  are  taking  place  in  the  water -and  that,  as  has 
been  observed,  the  amount  of  nitrites  in  the  waters  of  the  reservoirs 
rapidly  increases  in  amount  on  standing,  whereas  it  mcreases  only 
with  extreme  slowness  in  the  effluent,  the  decrease  m the  amount  of 
nitrites  brought  about  by  filtration  is,  in  this  particular  instance  at 
least,  a reasonabh^  good  index  of  the  bacterial  purification  of  the 
water.  As  compared  with  the  water  of  the  Washington  City  reser- 
voir, the  filtered  water  shows  a dimmution  m the  amount  of  nitrites 
present  in  the  water  amounting  to  96.4  per  cent.  It  will  be  seen 
from  the  curves  m Fig.  II  that  a close  parallelism  exists  between  the 
several  amounts  of  nitrites  in  the  several  reservoirs  and  the  percent- 
age of  specimens  showing  the  colon  bacillus.  In  this  connection  it 
has  been  pointed  out  by  Mills  ® that  the  vigorous  nitrification  taking 
place  in  the  sand  filters  results  not  only  in  the  burning  up  of  nearly 
all  of  the  Qrganic  matter,  but  also  in  the  destruction  of  pathogenic 
organisms. 

It  is  evident,  therefore,  that  as  nearly  as  can  be  determined  from 
the  results  of  the  chemical  analvses,  slow  sand  filtration  has  effected 
a considerable  improvement  in  the  quality  of  the  Potomac  water. 
Unfortunatel}^,  however,  chemical  methods  are  not  sufficiently  deli- 
cate to  throw  much  light  on  the  actual  efficiency  of  sand  filtration  so 
far  as  the  removal  of  dangerous  pollution  is  concerned. 

THE  WATER  OF  TAPS  AXD  HYDRANTS. 

As  may  be  seen  from  an  examination  of  Tables  2,  7,  and  24,  the 
differences  in  composition  between  the  filtered  water  of  the  storage 
basin  and  the  water  delivered  at  various  taps  and  hydrants  are  so 
slight  as  to  be  practically  meaningless,  in  the  light  of  our  present 
chemical  standards  for  determining  the  potability  or  pollution  of  a 
water.  If  they  amount  to  anything  at  all,  the  slight  differences 
found  to  exist  in  the  composition  of  the  filtered  water  of  the  storage 
basin  and  that  flowing  from  taps  and  hydrants  in  the  city  are  in 
favor  of  tap  and  hydrant  water.  The  total  solids  and  mineral  mat- 
ter are  slightly  less  in  tap  water  than  in  the  filtered  water  of  the 
storage  basin,  and  the  same  is  true  of  free  and  albuminoid  ammonia, 
nitrites,  and  oxygen  consumed.  The  amount  of  dissolved  oxygen 


a See  Mason,  Water  Supply,  New  York,  1898,  p.  127. 
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has  also  been  found  to  be  about  10  per  cent  higher  in  tap  ^Yater  than 
in  the  freshly  filtered  water,  indicating,  as  might  be  expected,  that 
some  aeration  takes  place  after  the  filtered  water  leaves  the  basin. 
On  the  other  hand,  the  nitrites  are  practically  the  same  in  both, 
whereas  the  chlorine  and  volatile  matter  were  found  to  be  slightly 
greater  in  tap  water  than  in  the  water  of  the  storage  basin.  As 
already  stated,  however,  none  of  the  differences  are  sufiiciently  great 
to  be  of  any  real  significance.  On  the  other  hand,  as  may  be  seen 
from  Table  25,  during  a period  of  about  eleven  weeks,  from  July  16  to 
September  28,  the  tap  water  showed  a slight  improvement  in  quality. 
An  inspection  of  our  results  will  show  a greater  or  less  dirninution  in 
the  quantities  of  free  and  albuminoid  ammonia  and  nitrites,  and 
also  a decrease  in  the  amount  of  oxygen  consumed,  and  while’  on 
account  of  delay  in  securing  the  necessary  apparatus  it  was  not  pos- 
sible to  make  daily  readings  of  the  turbidity  of  the  tap  water  when 
this  investigation  was  first  undertaken,  it  is  a matter  of  general 
observation  that  the  water  delivered  from  the  taps  and  hydrants 
throughout  the  city  during  the  months  of  August,  September,  Octo- 
ber, November,  and  part  of  December  was  considerably  better,  go  far 
as  its  general  appearance  is  concerned,  than  it  was  when  the  present 
investigation  was  begun.  When  this  investigation  was  begun,  the 
specimens  of  tap  water  brought  into  the  laboratory  from  various 
localities  throughout  the  city  showed  a distinct  yellowish  color  and  a 
slight  though  quite  perceptible  turbidity,  and  one  specimen  at  least 
was  markedly  unattractive  in  both  regards.  On  the  other  hand,  the 
specimens  collected  at  a later  period  during  the  investigation  showed 
practically  no  color  and  no  turbidity;  especially  was  this  the  case 
with  the  specimens  of  tap  water  examined  on  September  28,  and 
this  high  efiiciency  of  the  sand  filters,  so  far  as  the  removal  of  color 
and  turbidity  is  concerned,  was  steadily  maintained  during  the 
months  of  September,  October,  November,  and  the  greater  part  of 
December. 

Toward  the  end  of  December,  1906,  however,  the  water  supplied 
the  city  of  Washington  again  became  more  turbid.  Daily  turbidity 
readings  during  the  month  of  January,  1907,  on  samples  of  water 
collected  from  a number  of  taps  and  hydrants  over  the  city  show 
the  tap  water  to  have  had  an  average  turbidity  of  12  as  compared 
with  an  average  turbidity  of  2 to  3 during  the  months  of  July,  August, 
and  September,  1906,  so  that  for  some  reason  there  was,  so  far  as 
turbidity  is  concerned,  a distinct  deterioration  in  the  quality  of  the 
water  delivered  to  the  city  during  the  month  of  January.  This 
increase  in  turbidity  was  nearly  coincident  with  the  onset  of  the  very 
cold  weather  on  or  about  December  24,  1906. 

By  way  of  further  comparison  there  is  submitted  in  Table  26  a 
summary  of  the  analyses  of  tap  water  for  the  summer  period  of 


CHEMIC.IL  EXAMINATION  OF  THE  WATEE  SUPPLY.  289 

1904,®  before  the  filter  plant  was  put  into  operation,  and  for  the 
same  period  of  1906,  after  the  filter  plant  had  been  in  operation  for  a 
period  of  six  to  nine  months.  Considerable  and  significant  differ- 
ences are  noticeable,  especially  in  showing  the  dirninution  in  the 
amount  of  total  solids  and  in  free  and  albuminoid  ammonia  and  in 
nitrites,  which  has  been  effected  bv  sand  filtration. 

DEEP  WELLS. 

At  the  present  time  there  are  24  deep  wells  in  use  as  a part  of  the 
pubhc  water  supply  of  Washington  and  the  District  of  Columbia. 
Most,  if  not  all,  of  these  deep  wells  have  been  found  to  contain  small 
amounts  of  iron,  and  while  less  attractive  than  the  waters  of  many 
of  the  shallow  wells  these  waters  are  characterized  bv  great  chemical 
purity.  It  vfill  be  seen  from  an  examination  of  Table  8 that  as  a 
rule  thev  are  low  in  total  solids.  In  the  greater  number  of  them 
chlorine  is  present  only  in  very  small  amounts,  and  in  the  few  in- 
stances in  which  it  is  present  m larger  quantities  it  is  associated  with 
very  small  amounts  of  nitrates,  indicating  that  the  larger  quantity 
of  chlorides  in  these  few  instances  is  probably  derived,  not  from 
remote  sewage  pollution,  but  from  saline  deposits.  These  waters 
are  also  free  from  nitrogen  in  its  various  combinations.  Albuminoid 
ammonia,  nitrites,  and  nitrates  are  either  absent  altogether  or,  if 
present,  only  in  very  small  amounts,  and  in  only  two  instances,  viz, 
Nos.  108  and  110,  has  the  free  ammonia  been  found  to  be  present  in 
such  quantities  as  to  cast  some  suspicion  on  the  purit}’  of  the  water. 
In  these  two  waters  the  bacterial  count  was  also  foimd  to  be  some- 
what higher  than  in  the  waters  of  other  deep  wells.  It  has  been 
found,  however,  that  the  waters  of  deep  wells  may  often  contain 
rather  large  amomits  of  ammonia,  which  in  such  cases  is  believed  to 
result  from  the  gradual  reduction  of  nitrates.^  The  fact  that  these 
waters  contain  practically  no  nitrates,  in  most  instances  even  a 
smaller  amount  than  the  surface  water  of  this  region,  is  in  keeping 
with  this  view  regarding  the  origin  of  ammonia  in  deep  wells,  so  that, 
taking  all  things  into  consideration,  we  find  no  reason  to  regard 
these  waters  as  in  anj^  way  polluted;  indeed,  so  far  as  we  have  been 
able  to  deternfine  the  waters  of  these  deep  wells  leave  practically 
nothing  to  be  desired  so  far  as  purity  is  concerned.  The  presence  of 
iron  in  these  waters  doubtless  has  a great  deal  to  do  with  their  purity 
and  freedom  from  pollution.  In  the  main  at  least,  this  iron  exists 
in  the  form  of  ferrous  carbonate.  This  is  derived  from  ferric  oxide 
contained  in  the  rocks  and  soil  through  which  the  water  flows  by  the 

“The  Potomac  River  Basin,  Water-Supply  Paper  No.  192,  by  Horatio  M.  Parker. 

& See  ‘‘Air,  Water,  and  Food,”  by  Richards  and  Woodman  (1901),  p.  76,  and  also 
Mendel ejeff.  Chemistry,  p.  223. 
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reducing  action  of  tiie  organic  impurities  of  the  water  and  soil.  In 
this  manner  the  organic  matter  originally  contained  in  the  water  is 
oxidized  and  in  the  presence  of  the  dissolved  oxygen  naturally  present 
in  surface  waters  these  processes  would  occm  over  and  over  agaiu 
imtil  all  the  organic  matter  originally  present  in  the  water  had  been 
oxidized  and  all  of  the  dissolved  oxygen  consumed.  Hence  it  is  that 
by  acting  as  an  oxygen  carrier  the  iron  accomplishes  both  the  oxida- 
tion of  the  organic  impurities  originally  present  in  the  water  and  the 
removal  of  the  dissolved  oxygen.  In  this  way  we  can  satisfactorily 
accoimt  for  the  freedom  of  the  water  of  deep  wells  from  organic 
pollution.^ 

SHALLOW  WELLS. 

At  the  present  time  the  waters  of  63  shallow  wells  are  in  use  for 
drinking  purposes  in  the  city  of  TTashington  and  the  District  of 
Columbia.  They  are  \videly  scattered  over  the  city  and  are  probably 
used  for  drinking  purposes  by  a considerable  niunber  of  persons, 
especially  among  the  poorer  classes.  Twenty-nine  of  the  shallow 
wells  now  in  use  are  located  in  the  northwest  section  of  the  city,  13  in 
the  northeast  section,  20  in  the  southeast,  and  1 m the  southwest. 
As  a general  tiring  the  waters  of  the  shallow  wells  are  very  attractive 
so  far  as  their  appearance  is  concerned.  They  are  clear  and  sparkling 
and  even  during  the  hottest  part  of  the  summer  their  temperature  was 
rarely  found  to  exceed  20°  C.  So  that  among  a great  number  of  peo- 
ple the  use  of  these  waters  for  drinking  purposes  does  away  rvith  the 
necessity  for  the  use  of  ice  during  the  summer  months.  Unfortu- 
nately, however,  nearly  all  of  these  waters  show  unmistakable  evi- 
dences of  pollution,  either  unmechate  or  remote,  so  that  their  use  for 
drinking  purposes  must  always  remam  a menace  to  the  health  of  the 
community.  It  will  be  seen  from  an  examination  of  the  results  of 
the  analyses  given  in  Tables  9,  10,  11 , and  12  that  as  a rule  the  waters 
of  the  shallow  wells  contain  considerable  amounts  of  total  solids,  con- 
sisting for  the  most  part  at  least  of  perfectly  soluble  salts.  These 
waters  are  also  characterized  m most  instances  at  least  by  the  presence 
of  large  amounts  of  chlorme  and  nitrates,  indicative  of  remote  sewage 
pollution,  and  in  a fewer  number  of  instances  by  the  presence  of  rela- 
tively large  amounts  of  nitrites  and  free  and  albuminoid  ammonia. 
In  many  of  the  wells  shoving  large  amounts  of  chlorine  and  nitrates, 
the  waters  show  only  small  amounts  of  nitrites  and  free  and  albimii- 
noid  ammonia,  indicating  that  the  pollution  is  remote,  and  that  suffi- 
cient time  has  elapsed  between  the  pollution  of  the  water  by  sewage 
and  its  entrance  into  the  well  to  permit  of  the  complete  oxidation  of 
the  polluting  substances.  lYliile  as  vdth  the  other  impurities  the 
greatest  difference  of  opinion  exists  as  to  the  significance  of  nitrates  in 


Q See  also  ‘"'Tlie  Filtration  of  Public  Water  Supplies,”  by  Hazen  (1900),  p.  187. 
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drinking  water,  it  is  generally  admitted  that  an  excess  of  these  sub- 
stances must  be  looked  on  as  an  unfavorable  indication  with  respect 
to  the  purity  of  the  water  and  its  potability.  According  to  Frank- 
land,  ® While  the  oxidation  of  animal  matters  in  solution  in  water 
yields  an  abundance  ot  nitrites  and  nitrates,  vegetable  matters  furnish 
under  like  circumstances  none  or  mere  traces  of  these  compounds,’’  and 
according  to  Ekin,  ^ the  presence  of  nitrates  in  large  amounts  points  to 
sewage  contamination.  Stoddart^  also  states  that  Natural  waters 
can,  at  most,  contain  but  from  1.43  to  2.86  parts  per  million  of  nitrogen 
as  nitrates  from  sources  other  than  animal  matter,  and  that  practi- 
cally the  whole  of  the  nitrogen  of  sewage  may  be  oxidized  to  nitric 
acid  without  diminishing  the  risk  involved  in  drinking  it.”  He  re- 
gards the  proposal  to  regard  a water  as  safe  as  soon  as  the  nitrogen  has 
been  oxidized  to  nitrates,  irrespective  of  the  quantity  present,  as 
entirely  irrational.  Mallet  is  also  inclined  to  lay  great  stress  on  the 
determination  of  nitrates  in  drinking  water,  with  the  view  of  obtain- 
ing a correct  notion  of  the  extent  of  sewage  pollution. 

In  Table  13  are  given  the  shallow  wells  which,  according  to  the 
chemical  analyses,  show:  (1)  Immediate  sewage  pollution;  (2)  re- 
mote pollution;  (3)  no  pollution  at  all.  In  Table  14  are  given  the 
shallow  wells  which,  according  to  the  results  of  the  bacteriological 
examination,  have  been  classified  as  being:  (1)  Polluted  by  sewage 
or  surface  contamination;  (2)  fair;  (3)  good.  In  Table  15  is  to  be 
found  a list  of  the  shallow  wells  which,  on  account  of  insanitary 
environment  and  the  unfavorable  results  of  the  bacteriological  and 
chemical  examinations,  are  regarded  by  this  board  as  unfit  for  drink- 
ing purposes.  It  will  be  seen  from  a comparison  of  Tables  13  and  14 
that  of  the  31  shallow  wells  regarded  by  us  as  unfit  for  drinking  pur- 
poses 18  were  condemned  independently  by  both  the  bacteriological 
and  chemical  examinations,  and  of  the  remaining  13,  12  showed  bac- 
teriological evidence  of  immediate  sewage  pollution  and  1 was  good; 
II  gave  chemical  evidences  of  remote  sewage  pollution,  1 of  immediate 
sewage  contamination,  and  1 showed  no  pollution  at  all. 

O'  Rivers  Pollution  Commission,  Report  VI,  1874,  p.  13. 

^ Potable  Water,  Ekin  (1890),  p.  11. 

c Analyst,  XVIII,  p.  293.  See  also  Mason,  Examination  of  Water  (1901),  pp.  41-42. 

^ Report  of  National  Board  of  Health,  1882.  See  also  Mason,  “ Interpretation  of  a 
Water  Examination,”  Science,  N.  S.,  Vol.  XXI,  No.  539,  pp.  650-651. 
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In  the  following  table  are  given  the  total  number  of  shallow  wells 
in  use  in  the  several  sections  of  the  city,  together  with  the  total  num- 
ber in  each  section  regarded  as  unfit  for  drinking  purposes: 


Section  of  the  city , 

Total  number 
of  shallow 
weUs  in  use. 

Total  number 
condemned  as 
unfit  for  use. 

Northeast 

13 

6 

Northwest 

29 

13 

Southeast 

26 

11 

Southwest 

1 

1 

Total 

63 

1 

31 

It  vdll  be  observed  that,  leaving  out  of  consideration  the  southwest 
section  of  the  city,  in  which  but  one  shallow  well  is  in  use,  and  that  a 
highly  polluted  one,  the  number  of  wells  regarded  as  unfit  for  use  in 
various  portions  of  the  city  bears  to  the  whole  number  of  wells  now 
in  use  in  the  several  sections  of  the  city  about  the  same  ratio,  viz, 
about  one-half.  In  other  words,  it  is  evident  from  our  studies  that 
the  polluted  wells  are  not  confined  to  any  particular  section  of  the 
city,  but  are  about  equally  distributed  over  the  entire  community. 

Viewed  in  all  of  its  aspects,  the  situation  with  regard  to  the 
shallow  wells  in  the  District  does  not  seem  to  be  greatly  improved, 
except  as  to  the  fewer  number  of  wells  in  actual  use  over  what  it  was 
fifteen  years  ago.  In  1889,  310  wells  were  in  use  in  the  District,  75 
per  cent  of  which,  according  to  the  report  of  the  engineer  of  the  Dis- 
trict for  1889  and  1890,  were  polluted.  According  to  Edchardson, 
270  were  in  use  in  1891,  and  from  his  analyses  he  was  led  to  regard 
only  27  per  cent  of  them  as  passable.”®  According  to  our  findings, 
of  the  63  in  use  to-day  50  per  cent  are  polluted,  and  of  the  remaining 
50  per  cent  nearly  all  show  chemical  evidences  of  remote  pollution, 
so  that  the  shallow  wells  in  use  throughout  the  District  to-day  show 
but  slight  improvement  in  the  quality  of  the  water  supplied  over 
those  in  use  in  1889.  The  slight  improvements  observed  can  be 
readily  accounted  for  by  the  decrease  in  the  number  of  privies  now  in 
use  in  the  city  and  by  the  extension  and  improvement  in  the  sewerage 
system. 

While  none  of  the  cases  of  typhoid  fever  occurring  during  the  period 
covered  by  this  investigation  were  traceable  directly  to  the  use  of  ! 
the  water  of  any  of  the  shallow  wells,  the  shallow  wells  of  the  Dis-  i 
trict  of  Columbia  must  be  looked  upon  as  latent  sources  of  danger  to 
the  health  of  the  community,  and  serve  to  greatly  increase  the  labor  j 
incident  to  the  proper  sanitary  control  of  the  water  supply  of  the 
District.  So  far  as  their  effect  on  the  problems  of  sanitation  is  con- 
cerned each  well  must  be  looked  upon  as  an  independent  water  sup-  ; 


o Jour,  of  Anal,  and  Appl.  Chem.,  Vol.  V.,  pp.  1-36. 
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ply  in  itself,  which  must  be  properly  safeguarded  by  constant  inspec- 
tion and  numerous  bacteriological  and  chemical  examinations.  It 
is  evident,  therefore,  that  while  they  supply  a considerable  number 
of  persons  vdth  cool,  palatable  drinking  water  they  are  constantly 
subject  to  sewage  pollution,  and  serve  to  greatly  increase  the  com- 
plexity of  a situation  in  public  sanitation  already  exceedingly 
complex  and  difficult  to  control.  - 

TABLE  WATERS. 

As  already  stated,  our  investigation  has  included  the  bacterio- 
logical and  chemical  examination  of  a number  of  table  waters  used 
for  drinking  purposes  throughout  the  District  of  Columbia.  Chem- 
ical anal3^ses  of  20  of  these  waters  have  been  made,  the  results  of 
which  are  given  in  a table,  page  163,  of  this  report.®  It  will  be 
seen  from  an  examination  of  this  table  that  the  greater  number  of 
these  waters  showed  no  chemical  or  bacteriological  evidences  of 
pollution,  and  probabl}^  the  greater  number-  of  them  are  pure  and 
wholesome  waters.  Those  showing  no  chemical  evidences  of  pollu- 
tion are  as  follows : 

Laboratory 

No. 

238.  Pure  table  water. 

357.  Gitche  Crystal  Spring  water. 

384.  Arlington  filtered  water. 

420.  Takoma  Spring  water. 

421.  Magnolia  Spa  water. 

429.  Powhatan  Spring  water. 

447.  Castalia  Spring  water. 

457.  Great  Bear  Spring  water. 

458.  F.  H.  Finley  & Son’s  distilled  water. 

.461.  Sparkling  Rock  Spring  lithia. 

462.  Arlington  Springs  mineral  water. 

463.  Sprudel  Wiesbadner  wasser. 

' 471.  Poland  water. 

Of  these  waters  showing  no  chemical  evidences  of  pollution.  Nos. 
458,  461,  and  471  contained  a large  number  of  bacteria  per  cubic 
centimeter,  which  in  the  case  of  458  and  461  is  probably  to  be  attrib- 
uted to  carelessness  in  the  handling  and  bottling  of  these  waters, 
inasmuch  as  No.  458  is  a distilled  water  and  No.  461  is  a manufactured 
lithia  water  made  by  a local  firm,  probably  from  tap  water  by  the 
addition  of  the  necessary  saline  ingredients. 


« Fom’  of  these  waters,  viz,  Gitche  Crystal  Spring  water,  Powhatan  Spring  water, 
Great  Bear  Spring  water,  and  Poland  water  were  analyzed  in  1905  by  Haywood  and 
Smith.  See  Bulletin  No.  91,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture. 
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From  an  examination  of  the  table  p.  163  it  will  be  seen  that  the  fol- 
lo'wing  waters  show  some  chemical  evidences  of  pollution: 

Laboratory- 

No. 

371.  Red  Oak  Spring  water. 

394.  Magnesia  Crystal  table  water. 

409.  Xorwood  artesian  water  (unfiltered). 

437.  Hume  Spring  water. 

438.  Crystal  Rock  table  water. 

470.  M.  L.  Harper’s  distilled  water. 

472.  Renal  Spring  water. 

Of  these  waters  six,  viz,  Nos.  394,  409,  437,  438,  470,  and  472, 
contain  considerably  larger  cpiantities  of  nitrites  than  we  would 
expect  a pure,  wholesome  water  to  contain,  and  No.  371  shows  too 
large  an  amount  of  albuminoid  ammonia.  Of  the  table  waters 
showing  chemical  evidences  of  pollution,  the  following  were  found  on 
bacteriological  examination  to  contain  but  few  bacteria  per  cubic  cen- 
timeter, viz.  Nos.  371,  437,  and  438,  so  that  it  is  difficult  to  account 
for  the  large  amounts  of  nitrites  present.  On  the  other  hand  the 
follo\\dng  waters  were  found  to  contain  large  numbers  of  organisms 
per  cubic  centimeter,  thereby  confirming  the  results  of  the  chemical  • 
anal3^ses,  viz.  Nos.  394,  409,  470,  and  472. 

All  things  considered,  however,  it  is  not  likely  that  the  table  waters 
of  the  District  of  Columbia  are  responsible  for  am^  of  the  typhoid 
fever  occurring  in  this  localit}^. 

ICE. 

At  intervals  during  the  months  of  August,  September,  and  October 
chemical  and  bacteriological  examinations  were  made  of  the  different 
kinds  of  ice  manufactured  and  sold  in  the  District  of  Columbia.  The 
results  of  these  examinations  are  given  in  a table,  page  106  of  this 
report,  and  on  page  110  are  also  given  the  results  of  Doctor  Ljmch’s 
anah^ses  of  a number  of  samples  of  ice  sold  in  the  District.  It 
will  be  seen  from  an  examination  of  the  table  p.  106  that  but  few  of  the 
specimens  of  ice  examined  showed  any  chemical  evidence  of  pol- 
lution, and  according  to  statements  appended  to  Doctor  Ljmch’s 
reports  none  of  the  samples  of  ice  examined  b}^  him  showed  the  pres- 
ence of  anj"  injurious  contamination.  As  a rule  the  specimens  of  ice 
examined  in  the  Hygienic  Laboratory  were  found  to  contain  but  small 
amounts  of  total  solids,  and  in  some  instances  at  least  less  chlorine 
than  the  water  from  which  the  manufactured  ice  was  made.  This 
probably  results  from  the  purification  due  to  freezing.  A number  of 
the  specimens  of  manufactured  ice  were  found  to  contain  relative^ 
large  amounts  of  free  ammonia.  This  frequently  happens,  however, 
inasmuch  as  it  has  been  found  to  be  exceeding!}^  difficult  to  prevent  a 
slight  leakage  from  the  ammonia  pipes  into  the  atmosphere  of  the 
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factory,  so  that  it  is  no  uncommon  thing  to  find  specimens  of  manu- 
factured ice  containing  free  ammonia  in  such  quantities  as  to  impart 
a distinctly  alkaline  taste.  Such  being  the  case  the  presence  of  large 
amounts  of  free  ammonia  in  manufactured  ice  is  no  evidence  of  pol- 
lution. On  the  other  hand,  specimen  No.  12  is  a manufactured  ice 
which  is  evidentl}^-  made  directly  from  the  water  of  one  of  the  shallow 
wells  in  this  locality.  This  particular  sample  of  ice  is,  according  to 
the  chemical  results,  polluted  and  unfit  for  anything  except  general 
cooling  purposes  where  it  is  not  brought  into  immediate  contact  with 
drinking  water  or  food.  It  should  also  be  observed  that  this  particu- 
lar sample,  like  the  water  of  many  of  the  shallow  wells  showing  chem- 
ical evidences  of  pollution,  contained  very  few  bacteria  per  cc.  As 
has  been  found,  however,  with  many  waters  of  the  shallow  wells  the 
chemical  analysis  points  unmistakably  to  pollution,  and  the  same  con- 
siderations which  have  led  us  to  recommend  the  abandonment  of  all  of 
the  shallow  wells  throughout  the  District  would  also  lead  us  to  con- 
demn the  practice  on  the  part  of  ice  manufacturers  of  making  ice 
directly  from  the  water  of  such  wells.  Besides  specimen  12,  speci- 
mens 9,  16,  28,  30,  32,  and  33  contained  larger  quantities  of  nitrites 
than  might  be  expected  in  pure  ice,  and  specimens  6,  8,  13,  and  29 
contained  quantities  of  albuminoid  ammonia  either  closely  approxi- 
mating or  slightly  exceeding  the  limit  assigned  by  Wanklyn  and 
Chapman,  viz,  0.08  parts  per  million  for  a safe  water.  Three  speci- 
mens of  the  ice  showing  large  quantities  of  albuminoid  ammonia,  viz. 
Nos.  8,  13,  and  29,  were  also  found  by  the  bacteriological  examina- 
tion to  be  either  polluted  or  suspicious,  while  No.  6 according  to  the 
bacteriological  findings  was  of  good  quality,  and  similarly  no  evi- 
dences of  bacterial  pollution  were  found  among  those  specimens 
showing  large  amounts  of  nitrites.  On  the  other  hand  a number  of 
specimens  showing  no  chemical  evidences  of  pollution  were  found  as 
the  result  of  the  bacteriological  examination  to  be  suspicious  or  pol- 
luted. Such  was  the  case  with  specimens  1,  2,  5,  7,  10,  14,  26,  and  34. 
This  lack  of  agreement  between  the  chemical  and  bacteriological 
findings  in  the  case  of  these  several  specimens  of  ice  is  doubtless  to  be 
accounted  for  in  the  following  manner:  It  is  probable  that  the  speci- 
mens of  ice  showing  bacterial  contamination,  but  giving  no  chemical 
evidences  of  pollution,  really  received  their  bacterial  contamination 
through  uncleanliness  and  careless  handling,  either  immediately 
before,  during,  or  after  freezing,  in  which  event  while  the  organisms 
or  at  least  a certain  number  of  them  might  remain  alive,  their  growth 
and  development  would  be  so  interfered  with  at  this  low  temperature 
that  the  products  of  their  life  and  growth  would  not  accumulate  in  the 
ice  in  sufficient  amounts  to  give  chemical  evidence  of  pollution.  In 
this  way  a pure  water  might  become  seriously  contaminated  bac- 
terially,  either  immediately  before  or  during  or  immediately  after 
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freezing,  and  tlie  ice,  even  if  kept  for  a considerable  period  after 
manufacture,  fail  to  show  any  cbeniical  evidences  of  such  pollution. 
On  the  other  hand,  it  is  conceivable  that  a polluted  water  might  after 
freezing  show  chemical  evidences  of  pollution  and  yet  be  practically 
sterile,  for  the  reason  that  the  substances  indicating  pollution  are  not 
destroyed  by  freezing  and  may  persist  in  the  water  (or  ice)  long  after 
the  bacteria  causing  these  changes  have  perished.  Hence  it  is  that 
among  a considerable  number  of  samples  of  ice  we  might  expect  to 
encounter  a greater  number  of  discrepancies  between  the  chemical 
and  the  bacteriological  finchngs  than  among  an  equal  number  of  speci- 
mens of  water,  and  such  has  been  our  experience. 


WELLS  IX  USE  BY  THE  ICE  FACTOEIES  OF  THE  DISTEICT  OF  COLLTMBLi. 

The  present  investigation  has  also  included  the  bacteriological  and 
chemical  examination  of  the  waters  of  21  wells  which  are  used  for  one 
purpose  or  another  in  the  various  ice  factories  now  in  operation  in  the 
District  of  Columbia.  According  to  the  statements  of  the  manii- 
facturers  the  waters  of  these  wells,  in  most  instances  at  least,  are 
employed  only  for  purposes  of  condensation  and  not  in  the  manu- 
facture of  the  ice  itself.  The  use  to  which  the  water  of  any  particular 
well  of  this  series  is  put  is  indicated  in  the  colunm  headed  '^Remarks” 
of  the  table  p.  105  of  this  report.  The  results  of  our  bacteriological 
and  chemical  examinations  of  the  waters  of  these  wells  are  also  given 
in  this  table,  from  which  it  may  be  seen  that  so  far  as  chemical  evi- 
dences of  pollution  are  concerned,  the  waters  of  this  group  of  wells 
mav  be  classified  as  follows: 


No.  of 
sample. 

251. 

252. 

255. 

256. 

257. 

272. 

273. 
295. 


PURE . 

Hygienic  Ice  Company,  Fifteenth,  and  E streets  XE. 
Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 
Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 
Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 
Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 
Purity  Ice  Company,  Fifth  street  market  XIV. 
Purity  Ice  Company,  Fifth  street  market  XW. 

Corby  Company,  Langdon,  XE. 

REMOTE  POLLUTIOX. 


238.  Home  Ice  Company,  Tvelfth  and  Y streets  XW. 

240.  Home  Ice  Company,  Twelfth  and  V”  streets  XW. 

241.  Home  Ice  Company,  Tweh’th  and  V streets  XW. 

253.  Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 

254.  Hygienic  Ice  Company,  Fifteenth  and  E streets  XE. 

266.  Auth  Provision  Company,  Seventh  and  Yhginia  avenue  SW. 
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SUSPICIOUS. 

265.  Auth  Provision  Company,  Seventh  and  Virginia  avenue  SW. 

267.  Center  Market,  Seventh  street  NW. 

268.  Chas.  Javins  & Sons.  930  C street  NW. 

POLLUTED. 

239.  Home  Ice  Company,  Twelfth  and  V street  NW. 

258.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

271.  Purity  Ice  Company,  Fifth  street  market  NW. 

According  to  the  bacteriological  findings,  these  waters  may  be  classi- 
fied as  follows: 

GOOD. 

No.  of 
sample. 

238.  Home  Ice  Company,  Twelfth  and  V streets  NW. 

240.  Home  Ice  Company,  Twelfth  and  V streets  NW. 

241.  Home  Ice  Company,  Twelfth  and  Y streets  NW. 

251.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

252.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

254.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

255.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

256.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

257.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

265.  Auth  Provision  Company,  Seventh  and  Virginia  avenue  SW. 

266.  Auth  Provision  Company,  Seventh  and  Virginia  avenue  SW. 

268.  Chas.  Javins  & Sons,  930  C street  NW. 

272.  Purity  Ice  Company,  Fifth  street  market  NW. 

273.  Purity  Ice  Company,  Fifth  street  market  NW. 

295.  Corby  Company,  Langdon,  NE. 

SUSPICIOUS. 

227.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

253.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

258.  Hygienic  Ice  Company,  Fifteenth  and  E streets  NE. 

267.  Center  Market,  Seventh  street  NW. 

271.  Purity  Ice  Company,  Fifth  street  market  NW. 

POLLUTED. 

239.  Home  Ice  Company,  Twelfth  and  V streets  NW. 

MISCELLANEOUS  WATER  SUPPLIES  IN  THE  VICINITY  OF  WASHINGTON. 

THE  GOVERNMENT  HOSPITAL  FOR  THE  INSANE. 

The  Government  Hospital  for  the  Insane,  St.  Elizabeth’s,  is  sup- 
plied with  water  from  eight  artesian  wells,  375  feet  in  depth.  The 
wells,  pump  house,  and  storage  cistern  are  located  in  the  river  bottom, 
near  the  Eastern  Branch  of  the  Potomac  River.  According  to  the 
engineer  in  charge  of  the  pump  house,  no  solid  rock  was  encountered 
in  drilling  these  wells.  The  wells  themselves  are  incased  in  iron 
pipes  6 to  8 inches  in  diameter  and  are  thoroughly  protected  against 
surface  contamination.  The  water  is  forced  out  of  the  wells  by 
means  of  compressed  air  and,  after  leaving  the  outlet  of  the  iron  pipes. 
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flows  by  gravity  to  the  storage  cistern.  This  cistern  is  made  of  brick 
and  cement  and  has  a capacity  of  80,000  gallons.  It  communicates 
with  the  outside  air  by  means  of  a terra-cotta  pipe  of  large  diameter, 
3 feet  in  height  above  the  roof  of  the  cistern.  This  pipe  is  freely 
open  to  the  ah  and  might  occasionally  be  the  means  of  conveying 
pollution  to  the  water  in  the  cistern,  although  we  were  assm’ed  by  the 
engineer  in  charge  that  a careful  watch  was  kept  over  it. 

These  wells  have  been  in  use  for  over  two  years,  during  which  time 
they  have  supplied  the  institution  vdth  an  abimdance  of  pure  water. 
The  results  of  the  chemical  analyses  of  this  water  supply  are  given  in 
Table  27.  It  will  be  observed  that  the  water  of  the  wells  is  low  in 
total  solids,  and  also  in  free  and  albuminoid  ammonia,  nitrites  and 
nitrates,  and  oxygen  consumed.  Like  most  of  the  deep-well  waters 
of  this  locality,  it  contains  small  amoimts  of  iron,  and  while  the 
amount  of  chlorine  is  somewhat  larger  than  we  have  found  in  many 
of  the  deep  wells  throughout  the  District,  it  is  really  of  no  significance. 
The  results  of  our  analyses  indicate  that  the  present  water  supply  of 
St.  Elizabeth’s  is  pure  and  wholesome,  and  this  conclusion  is  borne 
out  bv  the  bacteriological  findings  and  bv  the  freedom  of  the  insti- 
tution  from  typhoid  fever  and  other  water-borne  diseases  contracted 
in  the  institution  since  this  water  supply  has  been  in  use. 

The  following  report  on  typhoid  fever  in  relation  to  sanitary 
improvements  at  this  institution  was  submitted  by  Assistant  Surgeon 
H.  D.  Long,  Public  Health  and  Marine-Hospital  Service: 


Year 
ending — 


Sanitary  improvements,  remarks,  etc. 


June  30,1900  Se-srer  plant  completed 


Attendants. 


Cases. 


Patients. 


2'  deaths;  number 
of  cases  not 
stated. 


June  30,1901 


June  30,1902 


Six  artesian  wells  drilled 


1 death;  number 
of  cases  not 
stated. 


Report  states  that  the  six  wells  are  insufficient. 
River  water  stiU  used.  Milk  supply  practi- 
cally all  from  hospital  dairy.  Report  states 
eight  cases  under  treatment  at  time  of  writing 
report.  Ao  employee  of  dairy  has  had  ty- 
phoid before  employment  in  hospital. 


30  Widal  tests  made;  positive  in  14 
cases;  1 death. 


June  30,1903 


Jime  30,1904 


Report  states:  In  April,  1903,  number  of  cases  i 
in  hospital  exceeded  entire  number  of  cases  in 
the  District  of  Columbia.  Hydrant  water 
found  constantly  contaminated  with  sewage. 
Traced  to  the  fact  that  as  mhk  supply  was  m- 
sufficient  forty  gallons  of  condensed  milk 
were  used  per  diem.  This  was  diluted  with 
hydrant  water.  When  this  error  (the  dilution 
of  condensed  mOk:  with  hydrant  water)  was 
corrected,  only  two  cases  developed  subse- 
quently. Eight  weUs  in  use,  four  redrilled; 
average  depth,  376  feet. 

Complete  pasteurizing  apparatus  purchased 
and  is  being  installed.  Water  tank  com- 
pletely scraped,  painted,  and  cleaned.  Whole 
water  system  hushed  out  in  J une,  1904,  since  ! 
which  time  the  water  supply  has  been  taken  i 
wholly  from  artesian  weUs.  Separate  drink-  j 
ing  and  general  water  supply  recommended.  ' 
Total  absence  of  typhoid  inieption.  i 


29  positive  Widal  tests;  5 deaths. 
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Year 

Sanitary  improvements,  remarks,  etc. 

Cases. 

ending — 

Attendants. 

Patients. 

June  30,1905 

Pasteurizing  apparatus  purchased  last  year  in- 
stalled and  in  daily  use  for  whole  milk  supply 
since  November,  1904.  No  typhoid  cases  in 
hospital  except  two  cases  which  developed  in 
attendants  a short  time  after  their  employ- 
ment. Inoculation  from  external  source. 

2 cases. 

Jime  30, 1906 

Contract  to  bore  two  more  wells;  work  in  prog- 
ress at  present  time.  Five  cases  of  typhoid 
among  attendants;  all  traced  to  same  source — 
the  use  of  infected  ice  cream  purchased  at  a 
small  store  outside  of  hospital.  Cases  syn- 
chronous; wife  and  two  children  of  storekeeper 
had  typhoid  at  time  of  infection.  No  ty- 
phoid among  inmates. 

5 cases;  1 death. 

AVe  also  note  that  this  institution  is  somewhat  isolated,  and  thus 
removed  from  the  influence  of  flies  and  other  factors  which  operate 
in  the  more  complex  conditions  in  the  city.  Further,  the  new  build- 
ings were  occupied  September  to  December,  1904,  thus  relieving 
the  overcrowded  condition  of  the  old  buildings. 

soldiers’  home. 

This  institution,  while  supplied  with  city  water,  uses  its  own  supply 
exclusively  for  drinking  purposes.  This  supply  comes  mainly  from 
a well  150  feet  in  depth,  in  addition  to  which  there  are  several  other 
wells  and  springs  scattered  over  the  grounds,  from  which  the  inmates 
occasionally  drink  while  taking  exercise  about  the  grounds. 

Frequent  examinations  of  these  waters  have  been  made  by  Doctor 
Carroll  at  the  laboratory  of  the  War  Department,  with  the  result  that 
some  of  the  wells  at  this  institution  have  been  closed  from  time  to 
time.  Those  now  open  gave  good  results  on  analysis.  The  water 
now  supplied  the  institution  from  the  main  well  has  been  analyzed 
both  at  the  Hygienic  Laboratory  and  at  the  laboratory  of  the  filtra- 
tion plant.  The  results  of  these  analyses  are  given  in  Table  27.  It 
will  be  seen  that  the  water  is  low  in  total  solids,  chlorine,  free  and 
albuminoid  ammonia,  and  nitrites.  It  contains  a larger  quantity  of 
nitrates  than  we  might  expect  from  the  depth  and  location  of  the 
well.  The  bacteriological  examination  showed  no  pollution,  so  that 
we  have  every  reason  to  regard  this  also  as  a pure  and  wholesome 
water.  This  institution  was  found  also  to  be  free  from  typhoid  fever. 

CHEVY  CHASE. 

This  community  is  supplied  with  water  from  5 artesian  wells,  vary- 
ing in  depth  from  100  to  120  feet.  These  wells  are  some  distance 
apart,  but  all  of  them  are  located  in  the  neighborhood  of  Chevy  Chase 
circle.  Each  well  is  incased  in  a 4-inch  iron  pipe,  through  which  the 
water  is  pumped  into  a steel  standpipe,  flowdng  by  gravity  from  the 
standpipe  to  the  taps.  The  delivery  mains  of  two  of  the  wells  do  not 
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communicate  directly  with  the  standpipe,  but  connect  directly  with 
the  distributing  mains.  The  Chevy  Chase  district  school  is  also  sup- 
plied with  water  from  a well  of  its  own.  The  Chevy  Chase  Park,  about 
3 miles  beyond  Chevy  Chase  circle,  is  supplied  by  a pump  located  at 
the  street-car  .station  and  also  by  a spring  at  the  lower  end  of  the 
lake.  The  former  has  generally  been  found  to  be  in  bad  repair,  and 
the  spring  is  so  situated  that  it  probably  receives  some  drainage  from 
the  road.  The  waters  of  this  well  and  spring  are  used  for  drinking 
purposes  by  the  employees  of  the  street  car  company  and  by  a con- 
siderable number  of  visitors  to  Chevy  Chase  Park,  especially  during 
the  summer  months.  The  results  of  our  analyses  of  the  Chevy  Chase 
waters  are  given  in  Table  27.  So  far  as  we  may  judge  from  the 
chemical  examination,  the  main  water  supply  of  Chevy  Chase  is  pure. 
Indeed,  it  seems  to  be  an  excellent  water,  and  the  same  may  be  said 
of  the  spring,  although,  as  already  pointed  out,  its  situation  is  such  as 
would  condemn  it  on  sanitary  grounds.  The  well  at  Chevy  Chase 
school  supplies  a good  water,  but  the  other  well  located  at  the  Park 
gave  some  chemical  evidence  of  pollution. 

The  results  of  the  bacteriological  examinations-  of  these  several 
miscellaneous  water  supplies  are  given  in  the  follovdng  tables: 


Results  of  bacteriological  examinations  of  the  miscellaneous  water  supplies. 


Xo.  Loc-ation. 

Date. 

Xumber  Ferment  in  lac-  r coli  nresent 

ofbacte-  tose  bouihon.  con  present. 

iia  pci 

cubic 

centime-  0.1  cc.  1 cc.  10  cc.  O.lcc.  1 cc. 
ter. 

10  cc. 

19C6. 

■ 

214  CbevT  Chase  ■water  supply 

Aug.  30 

“35  --!-+  ■ 

+ 

474  Cheyy  Chase  hydrant 

Oct.  23 

110  -1-  -i-  

215  Che'vw  Chase  district  school 

Aug.  30 

— 

475  do 

Oct.  23 

0 — — — — 

315  ! Soldiers’  Home,  Scott  spring 

Sept.  21 

23  - - -i  - - 

— 

316  ‘ Soldiers’  Home  pump-house  tank 

do  . . . 

37  - - - - - 

343  Soldiers’  Home 

Sept.  28 

26  - - - - - 

— 

L do 

46  . ...  — — 

8S  St.  Ehzabeth -well 

Aug.  6 

6 - - - - - 

— 

89  St.  Ehzabeth  cistern 

do  . . . 

6,000  -1-  + -1-  — — 

113  do 

-Vug.  10 

473  - - - - - 

— 

112  St.  Elizabeth  pump  Xo.  2 

do 

2 

114  St.  Elizabeth  engine  house 

do  . . . 

149  - — — — - 

115  St.  Ehzabeth  administration  building. . 

do  ... 

113  - - 4-  

- 

a In  1 cubic  centimeter  (?). 


Table  1. — Results  of  analyses  of  the  waters  of  the  reserroirs  and  storage  basin. 
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Table  1. — Results  of  analyses  of  the  waters  of  the  resermirs  and  storage  basins — Continued. 
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Table  2. — liesuUs  of  analyses  of  the  waters, of  the  reservoirs  and  storage  basin,  so  arranged  as  to  show  the  average  composition  of  these  waters,  for  the 

period  covered  by  this  investigation  {July  30  to  September  27,  1906). 
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Table  2. — Results  of  analyses  of  the  waters  of  the  reservoirs  and  storage  basin,  etc. — Continued. 
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Table  3. — Results  of  analyses  of  the  water  of  the  Potomac  River  hy  several  investigators. 


Total 

solids. 

Chlo- 

rine. 

Ammonia. 

Ni- 

trites. 

Ni- 

trates. 

Re- 

Investigator. 

Free. 

Albu- 

minoid. 

quire  d 
oxygen. 

Not  given;  Potomac  water,  1904-5  o. 

146.1 

5.23 

0. 073 

0.229 

0.0054 

1. 16 

1.72 

Health  office,  1897-1900  a 

126.7 

3. 78 

.0008 

.111 

Trace. 

.639 

2.56 

Office  of  Surgeon-General,  1899  a 

125.0 

4.0 

Trace. 

.150 

Trace. 

1. 10 

2. 10 

R.  S.  Weston  a, 

139.0 

2.60 

.013 

.105 

.002 

.73 

450 

Laboratorv  of  filtration  plant,  F.  F.  Longley  . . 

2.0 

.032 

.244 

.0033 

.79 

Hygienic  laboratory,  division  of  chemistry 

203.0 

2. 81 

.024 

.161 

.0031 

.61 

41 

Mason,  “Water  Supplv”  (1894) 

165.0 

1.1 

.050 

.127 

Trace. 

.23 

1.021 

a From  ‘ The  Potomac  River  Basia”  Water-Supply  Paijer  No.  192,  U.  S.  Geological  Survey,  hy 
Horatio  M.  Parker. 


Table  4. — Showing  extreme  variation  in  the  chemical  composition  of  the  water  of  the 

Potomac. 


Year. 


1889 


1906 


1906 


Source  of  data. 


Sus- 

pended 

solids. 


Turhid- 

itv. 


Report  on  typhoid  fever  in  the  Dis-  1 
trict  of  Columbia  (1894) | 

Captain  Cosby’s  report,  analyses  f 
from  Feb.  20  to  June  26 ^ i 

Hygienic  laboratory  (division  of 
chemistry)  analyses  from  July  30 
to  Sept.  27 * ' 


846 

7 


1,000 

10 


I lO 
16 


Ammonia. 

Ni- 

trites. 

Ni- 

trates. 

Year. 

Source  of  data. 

Free. 

-Albumi- 

noid. 

1889 

Report  on  typhoid  fever  in  the  Dis- 
trict of  Coiumbia  (1894) 

;0.  3920 
\ .0000 

0.  6520 
.0600 

Trace. 

0.000 

0.8 
. 50 

1906 

Captain  Cosby’s  report,  analyses 
from  Feb.  20  to  June  26 

/ .100 
\ .009 

. 556 
.090 

.0070 

Trace. 

1. 10 
.05 

1906 

Hygienic  Laboratory  (division  of 
chemistry)  analyses  from  July  30 
to  Sept.  ^ 

] .047 
1 .006 

.410 

.066 

.0054 

.0014 

.88 

.40 

i Total  solids. 

! Total 

Mineral  ' Volatile 

1 residue. 

matter.  | matter. 

f 270 

1 76 

1 

430 

i 

382  I 84 

126 

i 

! 

82  18 
1 

Chlo- 

rine. 


5.0 
3-  5 

3.2 
0.8 

3.3 

9 9 


‘ cen^of 

solved  con- 

loxygen.;  ~ sumed. 


a8o 

I ^ .88 

& 94  I 103. 1 ^ 7.  8 

5. 12  6a  1 I 2.  0 


Table  5. — Chemical  analyses  of  Potomac  water,  yearly  average  for  five  years  {1888-1893). 


[Compiled  from  Report  on  Typhoid  Fever  in  the  District  of  Columbia,  Washington,  1894,  Table  V,  p.  8.] 


Year. 

Total 

solids. 

-Ammonia. 

Nitrites. 

♦ 

Nitrates. 

Oxygen 

con- 

sumed. 

Chlorine. 

Free. 

-Album- 

inoid. 

1888 

Ill 

42 

0.  0170 

0. 1190 

0.000 

0.97 

1.98 

1889 

110 

42 

.0190 

.2140 

.000 

.82 

1.82 

1889-90 

136 

43 

.041 

.295 

.000 

.70 

1.85 

1890-91 

104 

43 

.0043 

.0627 

.000 

.60 

1.97 

1891-92 

113 

43 

Trace. 

.064 

.000 

.60 

1.85 

1892-93 

125 

4.7 

.0200 

.0661 

.000 

.60 

1.64 

According  to  tliis  report  (p.  8),  “The  Potomac  water  has  been  subject  to  vert’-  careful 
analyses”  and  “in  general  the  water  may  be  said  to  be  in  excellent  condition  and  to 
compare  extremely  favorably  * * * with  that  of  other  cities.”  Its  chief  defect 
is  the  presence  of  suspended  clay  in  the  winter  and  after  heaxy’  rains  in  any  season. 
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Table  6. — Analyses  of  city  water  supplies. 


City. 

Source  of  supply. 

Ammonia. 

Chlo- 

rine. 

Ni- 

trites. 

Ni- 

trates. 

Oxygen 

con- 

sumed. 

Total 

resi- 

due. 

Free. 

Album- 

inoid. 

Poughkeepsie,  N.  Y.  n, . . 

Hudson  River 

0. 050 

0. 125 

4.5 

Trace. 

Trace. 

2. 287 

85.0 

Washington,  D.  C.  o 

Potomac  River. . . 

.050 

.127 

1.1 

Trace. 

0. 230 

1.021 

165.0 

Richmond,  Va.  “ 

James  River 

.550 

.150 

1. 17 

Trace. 

Trace. 

1.654 

105.0 

Rock  Island,  111.  a 

Mississippi  River. 

.025 

.260 

1.00 

0 

Trace. 

6. 000 

140.0 

New  Orleans,  La.  o 

do 

.040 

.325 

14.50 

0 

.080 

5.  724 

340.0 

Cincinnati,  Ohioo 

Ohio  River 

.003 

.108 

14.0 

.26 

140.0 

Louisville,  Ky.  (before 

do 

.034 

.530 

6.2 

0. 004 

1.0 

9. 90 

800.0 

fi.ltration).  b 

LouisviUe,  Ky.  (after  fil- 

do 

.085 

.130 

5.  78 

. 0085 

.5 

1.5 

255.0 

tration).  b 

. 

Philadelphia,  Pa.  a 

Schuylkill  River . . 

.010 

-.100 

0 

.46 

133.4 

Albany,  N.  Y.  a 

Hudson  River 

.070 

.200 

2.5 

Trace. 

.082 

5.7 

Troy,  N.  Y. « 

do 

.040 

.150 

2.5 

0 

.041 

8.  4 

Cohoes,  N.  Y.  a 

Mohawk  River  . . . 

.060 

.210 

4.0 

.002 

.246 

3.55 

a Mason,  “Water  Supply,”  New  York,  2d  ed.,  1898,  p.  465. 
b Fuller,  “Water  Purification  at  Louisville,”  New  York,  1898,  pp.  197-204. 
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Table  9. — Results  of  analyses  of  the  waters  of  shallow  wells  in  the  District  of  Columbia,  northeast  section — Continued. 
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Table  ]0. — Results  of  analyses  of  the  waters  of  shallow  wells  in  the  District  of  Columbia,  northwest  section. 
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Table  10. — Results  of  analyses  of  the  waters  of  shallow  wells  in  the  District  of  Columbia,  northwest  section — Continued. 
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Table  12. — Results  of  analyses  of  the  waters  of  slialh  w wells  in  the  District  of  Colvmbia,  southwest  section. 
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Table  13. — Xumher  and  location  of  shallow  wells  which  from  chemical  analyses  show 
(1)  immediate  sewage  pollution;  (2)  remote  pollution,  and  (3)  no  pollution. 


liOIEDIATE  SEWAGE  POLLUTIOX. 


No.  of 
well 

r 

Location. 

No.  of 
weU. 

Location. 

Xortheast. 

Sowffteasf— Continued. 

24 

Fourth  and  E streets. 

35 

Third  and  C streets. 

38 

E street  between  Eighth  and  Ninth  streets. 

91 

Harrison  avenue  and  Seventeenth  street. 

40 

Eighth  and  A streets. 

101 

Third  street  and  Pennsylvania  avenue. 

217 

Benning  crossroads. 

116 

Jefferson  street,  between  Monroe  and  FiU- 

218 

Benning  School. 

more  streets. 

225 

South  Dakota  and  Vista  street. 

139 

L street,  between  Thirteenth  and  Four- 
teenth streets. 

Xorthvcest. 

; 145 

Eleventh  street  and  South  Carolina  avenue. 

8 

Tenth  and  N streets. 

183 

Hamilton  road. 

13 

Third  street  and  Indiana  avenue. 

1 185 

Stanton  and  Pomeroy  streets. 

72 

Third  and  L streets. 

208 

Good  Hope  School. 

202 

Pump,  Zoological  Park. 

209 

Twentieth  and  Johet  streets. 

204 

Massachusetts  avenue  near  Wisconsin 

385 

T street,  Hillsdale. 

avenue. 

422 

Ninth  and  E streets. 

235 

Hurst  and  EUiott  streets. 

Southwest. 

Southeast. 

104 

South  Capitol  and  M streets. 

30 

Fourth  street  and  Soutli  Carolina  avenue. 

REMOTE  POLLUTIOX. 

Xortheast. 

Xorthwest — Continued. 

23 

Third  and  D streets. 

57 

Thirty-fourth  street  and  Volta  place. 

26 

Second  and  G streets. 

58 

Thirty-fourth  street  andWisconsin avenue. 

28 

Sixth  street  and  Maryland  avenue. 

67 

Thirty-fifth  and  Reservoir  streets. 

109 

North  Capitol,  between  B and  C streets. 

i i 

Sixteenth  and  Corcoran  streets. 

129 

Keating  street,  between  Lincoln  avenue  , 

111 

New  Jersey  avenue  and  Pierce  street. 

and  First  street. 

128 

Eighth  street  and  Barry  place. 

135 

Eleventh  and  F streets.  i 

1 

131 

New  Jersey  avenue  and-Morgan  street. 

Xorthwest. 

i 169 

Newton  street  east  of  Brightwood  avenue. 

5 

Sixth  street,  between  F and  G streets. 

i 170 

Sixth  street  north  of  Fairmont  street. 

6 

Ninth  and  H streets. 

f 

Southeast. 

9 

Tenth  and  K streets. 

, 32 

Fifth  and  G streets. 

11 

Seventeenth  and  K streets. 

34 

Fourth  and  C streets. 

14 

New  York  avenue,  between  Fourth  and  j 
Fifth  streets.  1 

92 

Seventh  and  B streets. 

15 

] 

Massachusetts  avenue,  between  Sixth  : 

102 

Seventh,  between  B and  C streets. 

and  Seventh  streets. 

103 

Eighth  and  D streets. 

44 

Wisconsin  avenue  and  Q street. 

.17 

Jackson  and  Fillmore  streets. 

45 

Thirtv-second  and  Q streets. 

146 

I street,  between  Eleventh  and  Twelfth 

46 

Wisconsin  avenue  and  P street. 

streets. 

48 

Twenty-eighth  and  0 streets. 

UNPOLLUTED. 

Xortheast. 

Xor'hwest — Continued. 

224 

Quincy  street  (old  Philadelphia). 

130 

North  Capitol  and  Randolph  streets. 

Xorthwest. 

175 

Thirty-third  street  and  Wisconsin  avenue. 

226 

Brightwood  avenue  (near  District  line). 

127 

Twelfth  street  and  Florida  avenue. 
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Table  14. — Xumber  and  location  of  shallow  wells  according  to  the  bacteriological  exam- 
ination showing  {!)  sewage  pollution;  (£)  fair,  and  (3)  good. 


SEWAGE  POLLUTION  OR  SURFACE  CONTAMINATION. 


No.  of 
well. 

Location. 

No.  of 
well. 

Location. 

Northeast. 

Northwest — Continued. 

24 

Fourth  and  E streets. 

175 

Thirty-third  street  and  Wisconsin  avenue. 

38 

E street, between  Eighth  and  Ninth  streets. 

202 

Pump,  Zoological  Park. 

135 

Eleventh  and  F streets. 

226 

Brightwood  avenue. 

217 

Benning  crossroads. 

, 235 

Hurst  and  Elliott  streets. 

218 

Benning  School. 

Southeast, 

225 

South  Dakota  avenue  and  Vista  street. 

30 

Fourth  street  and  South  Carolina  avenue. 

Northwest. 

32 

Fifth  and  G streets. 

8 

Tenth  and  N streets. 

35 

Third  and  C streets. 

9 

Tenth  and  K streets. 

91 

Harrison  avenue  and  Seventeenth  street. 

13 

Third  street  and  Indiana  avenue. 

101 

Third  street  and  Pennsjdvania  avenue. 

15 

Massachusetts  avenue,  between  Sixth  and 

139 

L street,  between  Thirteenth  and  Four- 

Seventh  streets. 

teenth  streets. 

46 

Wisconsin  avenue  and  P street. 

145 

Eleventh  street  and  South  Carolina  avenue. 

48 

Twenty-eighth  and  0 streets. 

183 

Hamilton  road. 

77 

Sixteenth  and  Corcoran  streets. 

209 

Twentieth  and  Joliet  streets. 

111 

New  Jersey  avenue  and  Pierce  streets. 

422 

Ninth  and  E streets. 

128 

Eighth  street  and  Barry  place. 

Southwest. 

131 

New  Jersev  avenue  and  Morgan  street. 

169 

Newton  street  east  of  Brightwood  avenue. 

104 

South  Capitol  and  M streets. 

FAIR. 


Northeast. 

Northwest — Continued. 

23 

Third  and  D streets. 

45 

Thirty-second  and  Q streets. 

26 

Second  and  G streets. 

57 

Thirty-fourth  street  and  Volta  place. 

28 

Sixth  street  and  Maryland  avenue. 

130 

North  Capitol  and  Randolph  streets. 

40 

Eighth  and  A streets. 

204 

Massachusetts  avenue  near  Wisconsin 

109 

N orth  Capitol,  between  B and  C streets. 

avenue. 

Southeast. 

224 

Quincy  street  (old  Philadelphia). 

103 

Eighth  and  D streets. 

Northwest. 

146 

I street,  between  Eleventh  and  Twelfth 

11 

Seventeenth  and  K streets. 

streets. 

14 

New  York  avenue,  between  Fourth  and 

208 

Good  Hope  School. 

' 

Fifth  streets. 

385 

T Street  hill,  Hillsdale. 

GOOD. 


Northeast. 

AoUfta’esi— Continued. 

129 

Keating  street,  between  Lincoln  avenue 

170 

Sixth  street  north  of  Fairmont  street. 

and  First  street. 

Southeast. 

Northwest. 

34 

Fourth  and  C streets. 

5 

Sixth  street,  between  F and  G streets. 

i 92 

Seventh  and  B streets. 

6 

Ninth  and  H streets. 

102 

Seventh  street,  between  B and  C streets. 

44 

Wisconsin  avenue  and  Q street. 

; 116 

Jefierson  street,  between  Monroe  and  Fill- 

58 

Thirty-fourth  street  andWisconsin  avenue. 

more  streets. 

67 

Thirty-fifth  and  Reservoir  streets. 

117 

Jackson  and  Fillmore  streets. 

72 

Third  and  L streets. 

185 

Stanton  and  Pomeroy  streets. 

127 

Twelfth  street  and  Florida  avenue. 

1 

j 
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Table  15. — List  of  wells  which  on  account  of  chemical  and  bacteriological  findings  and 
general  insanitary  surroundings  are  regarded  as  unfit  for  drinhing  pur 'poses. 


No.  of 
well. 

Location. 

No.  of 
well. 

Location. 

Northeast. 

Northwest — Continued. 

24 

Fourth  and  E streets. 

128 

Eighth  street  and  Barry  place. 

38 

E street, between  Eighth  and  Ninth  streets. 

131 

New  Jersey  avenue  and  Morgan  street. 

135 

Eleventh  and  F streets. 

169 

Newton  street  east  of  Brightwood  avenue. 

217 

Bennings  crossroads. 

175 

Thirty-third  street  and  Wisconsin  avenue. 

218 

Bennings  School. 

202 

Pump,  Zoological  Park. 

225 

South  Dakota  avenue  and  Vista  street. 

Southeast. 

Northwest. 

30 

Fourth  street  and  South  Carolina  avenue. 

8 

Tenth  and  N streets. 

32 

Fifth  and  G streets. 

9 

Tenth  and  K streets. 

35 

Third  and  C streets. 

13 

Third  street  and  Indiana  avenue. 

91 

Harrison  avenue  and  Seventeenth  street. 

15 

Massachusetts  avenue,  between  Sixth  and 

101 

Third  street  and  Pennsylvania  avenue. 

Seventh  streets. 

116 

Jefferson  street  between  Monroe  and  Fill- 

46 

Wisconsin  avenue  and  P street. 

more  streets. 

48 

Twenty-eighth  and  0 streets. 

Southwest. 

77 

Sixteenth  and  Corcoran  streets. 

111 

New  Jersey  avenue  and  Pierce  street. 

104 

South  Capitol  and  M streets. 

Table  16. — Summary  of  14  analyses  of  the  waters  of  the  reservoirs  and  storage  basin, 
made  at  intervals  of  3-4  days  to  1 week  apart  from  July  30  to  September  21 , 1906. 


Reservoir. 

Turbidity  .o 

Total  sohds. 

Chlorine. 

Ammonia. 

Nitrites. 

Nitrates. 

D i s s olved 
oxygen. 

Per  cent  of 
saturation.  1 

1 

Oxygen  con- 
sumed. 

Total 

residue. 

Mineral 

matter. 

Volatile 

matter. 

Free. 

Albumi- 

noid. 

Dalecarlia,  inlet 

221 

203 

156 

47.1 

2.6 

0. 024 

0. 161 

0. 0031 

0. 61 

7.  44 

89.6 

4.1 

Dalecarlia,  outlet 

99.0 

163 

115 

48 

2. 61 

.027 

.131 

.0051 

.57 

7.62 

92.4 

3.4 

Georgetown 

55.2 

160 

111 

49 

2. 61 

.022 

.117 

.0065 

..60 

7.  44 

90.0 

3.3 

Washington  City  (unfiltered) 

46.3 

141 

100 

41 

2. 47 

.017 

.096 

.0056 

.61 

7.  60 

90.0 

3.0 

Storage  basin  (filtered) 

4.6 

127 

88 

39 

2. 53 

.015 

.054 

.0003 

.67 

5. 87 

71.4 

2.0 

a Average  of  all  readings  made. 


Table  17. — Summary  of  the  results  of  analyses  made  in  the  laboratory  of  the  filtration 
plant  of  weekly  samples  of  the  waters  of  the  reservoirs  from  February  13,  1906,  to  June 
26,  1906. 

[Compiled  from  Captain  Cosby’s  annual  report.] 


Reservoir. 

Sus- 

pended 

solids. 

Tur- 

bidity. 

Chlo- 

rine. 

Ammonia. 

Nitrites. 

Nitrates. 

Dis- 

solved 

oxygen. 

Free. 

Albu- 

minoid. 

Dalecarlia,  inlet .... 

180 

223 

2.0 

0. 032 

0. 244 

0. 0033 

0.  79 

Daleca.rlia,  outlet 

56 

96 

1.7 

.029 

.152 

.0028 

.78 

Georgetown 

34 

53 

1.7 

.016 

.124 

.0033 

.77 

Washington  City 

31 

1.6 

.015 

.073 

.0028 

.79 

9. 72 

Storage  basin  (filtered) 

4 

1.6 

.010 

.041 

.0004 

.92 

8. 10 
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Table  18. — Physical  and  chemical  improvement  in  the  water  of  tJie  Potomac  accom- 
plished by  storage  and  sedimentation. 


[Compiled  from  analyses  made  in  the  division  of  chemistry  of  the  Hygienic  Laboratory,  covering  a period 

of  11  weeks,  from  July  16  to  September  28,  1906.] 


Reservoir. 

Turbidity. 

Total  solids. 

Chlorine. 

Ammonia. 

Nitrites. 

Nitrates. 

Disso  1 V e d 
oxygen. 

Per  cent  of 
saturation. 

Oxygen  con- 
sumed. 

Free. 

Albumi- 

noid. 

Dalecarlia,  inlet 

221 

203.0 

2.6 

0. 024 

0. 161 

0. 0031 

0. 61 

7.  44 

89.6 

4.1 

Washington  City 

46 

141.0 

2.  47 

.017 

.096 

.0056 

.61 

7.  60 

90.4 

3.0 

Improvement  in  parts 

per  million 

175 

62.0 

.13 

.007 

.065 

1. 1 

Improvement  in  per  cent 

79 

30.5 

5.0 

29.0 

40.3 

27.0 

Table  19. — Physical  and  chemical  improvement  in  the  water  of  the  Potomac  accom- 
plished bv  storage  and  sedimentation. 


[Compiled  from  analyses  made  in  the  laboratory  of  the  filtration  plant,  covering  a period  of  20  weeks, 

from  February  13  to  June  26,  1906.] 


Reservmir. 

Tur- 

bidity. 

Sus- 

pended 

solids. 

Chlo- 

rine. 

Ammonia. 

Ni- 

trites. 

Ni- 

trates. 

Dis- 

solved 

oxygen 

Per 
cent  of 
satura- 
tion. 

Free. 

Albu- 

minoid. 

Dalecarlia,  inlet 

223.0 

31.0 

180 

2.0 

1.6 

0. 032 
.015 

0. 244 
.073 

0. 0033 
.0028 

0.  79 
.79 

Washington  City 

9.  72 

94.4 

Improvement  in  parts 
per  million 

192.0 

86.1 

.4 

20.0 

.017 

53.1 

.171 

70.0 

.0005 

15.0 

Improvement  in  per  cent... 

1 

Table  20. — Chemical  improvement  of  Potomac  water  as  the  result  of  filtration. 


Compiled  from  analyses  made  in  the  division  of  chemistry  of  the  Hygienic  Laboratory,  covering  a 
period  of  11  weeks,  from  July  16  to  September  28,  1906.] 


Reservoir. 

Turbidity. 

Total  solids. 

Chlorine. 

Ammonia. 

Nitrites. 

Nitrates. 

Disso  Ived 
oxygen. 

Per  cent  of 
saturation. 

Oxygen  con- 
sumed. 

Free. 

Albumi- 

noid. 

Washington  City 

46.3 

141.0 

2.47 

0.  017 

0.  096 

0.  0056 

0.61 

7.  60 

90.0 

3.0 

Storage  basin 

46 

127.0 

2.  53 

.015 

.054 

.0003 

.67 

5.87 

71.4 

2.0 

Improvement  in  parts 

per  million 

41.7 

14  0 

.002 

.042 

.0053 

1.  0 

Improvement  in  per  cent 

90.0 

9.9 

11.8 

43.7 

94  6 

33.3 
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Table  21. — Chemical  improvement  of  Potomac  water  as  the  result  of  filtration. 

[Compiled  from  analyses  made  in  the  laboratory  of  the  filtration  plant,  covering  a period  of  20  ,>eeks. 
from  February  13  to  June  26,  1906,  and  given  in  annual  report  of  Captain  Cosby,  Corps  of  Engi- 
neers.] 


Turbid- 

ity. 

Chlo- 

rine. 

Ammonia. 

( 

Ni- 

trates. 

Dis- 

Per 
cent  of 
satura- 
tion. 

Reservoir. 

Free. 

Albu- 

minoid. 

Nitrites. 

solved 

oxygen. 

Washington  Citv 

31.0 

1.6 

0. 015 

0.073 

0.0028 

0.79 

9.72 

94.4 

Storage  basin 

40 

1.6 

.010 

.041 

.0004 

.92 

8.10 

78.2 

Improvement  in  parts 
per  miUion 

Improvement  in  j)er  cent 

27.0 

87. 1 

.005 

33.3 

.032 

4.3.8 

.0024 
85.  7 

Table  22. — Chemical  improvement  of  Potomac  u'o.ter  as  the  result  of  subsidence  and 

filtration. 


[Compiled  from  analyses  made  in  the  division  of  chemistry  of  the  Hygienic  Laboratory,  covering  a 
period  of  11  weeks,  from  July  16  to  September  28,  1906.] 


Reservoir. 

>> 

Total  solids. 

Cliloriiie. 

Ammonia. 

> d 

X — o 

S.  - ^ 

— w ^ 

3 3:  2 

'f,  - 

'^5  Sc  5 

^ ^ X 

2-  X >-S 

-3 

i % 

> S 

1 

Dalecarlia,  inlet 

221.0 

203.0 

156 

47.1 

2.6 

0.  024 

0. 161 

0.  0031  7.  44 

89.  6 4. 1 

Storage  basin 

46 

127.0 

88 

39 

2.53 

.015 

.0.54 

. 0003  5.  87 

71.4  2.0 

Improvement  in 

parts  per  million . . 

216.  4 

76.0 

63 

8.1 

.07 

.009 

.107 

.0028  

2.  1 

Improvement  in  i>er  cent. . 

97.9 

37.4 

43.6 

17.1 

2.  7 

37.  5 

66.0 

90. 0 

51.0 

1 

a Average  of  all  readings  made. 


Dissolved  oxygen  consumed  in  oxidation,  21  per  cent. 

Table  23. — Chemical  improvement  of  Potomac  water  as  the  result  of  subsidence  and 

filtration. 

Compiled  from  analyses  made  in  the  laboratory  of  the  filtration  plant,  covering  a period  of  20  weeks, 
from  February  13,1906,  to  June  26,  1906,  and  given  in  annual  report  of  Captain  Cosby,  Corps  of  Engi- 
neers.] 


Reservoir. 

Tur- 

bidity. 

Chlo- 

rine. 

Ami 

Free. 

monia. 

Albumi- 

noid. 

Nitrites. 

Dissolved 

oxygen. 

Per  cent 
of  satu- 
ration. 

Dalecarlia,  inlet 

Washington  Citv  reservoir 

223.0 

2.0 

0. 032 

0. 244 

0. 00.33 

9. 72 
8. 10' 

(“) 

94.4 

78.2 

Storage  basin,  filtered 

Improvement  in  parts  per  mil- 
lion  

Improvement  in  per  cent 

4.0 

1.6 

.010 

.041 

.0004 

219.0 
' 98.7 

0.  4 
20.0 

.022 

69.0 

.203 

83.0 

.0029 

87.9 

Dissolved  oxygen  consumed  in  oxidation,  16.7  per  cent. 

aAccording  to  analyses  given  in  Captain  Cosby’s  report  the  dissolved  oxygen  was  determined  only  in 
the  Washington  City  reservoir  and  in  the  filtered  water  of  the  storage  basin.  It  may  be  observed, 
however,  in  this  connection  that  the  amount  of  dissolved  oxygen  suffers  but  little  change  in  passing 
through  the  several  reservoirs  until  the  water  passes  through  the  sand  filters,  when  it  is  reduced  from 
16.7  to  21  per  cent. 
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Table  24.  — Composition  of  tap  water  as  compared  with  the  water  of  Dalecarlia  reservoir 

inlet  and  the  water  of  the  storage  basin. 


Water. 

Total  resi- 
due. 

Mineral  mat- 
ter. 

Volatile 

matter. 

Chlorine. 

Ammonia. 

Nitrates. 

1)  i s s o Ivcd 
oxygen. 

Per  cent  of 
saturation. 

Oxygen  con- 
sumed. 

o 

u 

Albumi- 

noid. 

Nitrites. 

Dalecarlia  reservoir,  inlet « 

203 

156 

47.1 

2.6  - 

0.  024 

0. 161 

0. 0031 

0. 61 

7.44 

89.6 

4.1 

Storage  basin,  filtered  b 

127 

88 

39 

2.53 

.015 

.054 

. 0003 

.67 

5.87 

71.4 

2.0 

Tap  or  hydrant  c 

123 

75 

48 

2.69 

.011 

.031 

. 00007 

.03 

6.  20 

81.39 

1.83 

oAverage  of  14  analyses  covering  a period  of  9 weeks  from  July  31  to  Sept.  27,  1906. 
, 6 Average  of  14  analyses  covering  a period  of  9 weeks  from  July  31  to  Sept.  27,  1906. 

/ cAverage  of  49  analyses  covering  a period  of  11  weeks  from  July  16  to  Sept.  28,  1906- 


Table  25. — Averages  of  chemical  analyses  of  tap  water  for  different  periods  during  July, 

August,  and  September  of  1906. 


Period  covered  by  the  ex- 
amination. 

Total  solids. 

Chlorine. 

Ammonia. 

Nitrites. 

Nitrates. 

Dissolved  oxygen. 

Percent  of  satura- 
tion. 

Oxygen  consmned. 

Mineral  mat- 
ter. 

Volatile  mat- 
ter. 

Free. 

i 

Albuminoid. 

July  16  to  20,  inclusive  (av- 

erage  of  11  analyses) 

123.  1 

73.7 

49.  4 

2.  41 

0.  0136 

0.  0371 

0.  00015 

0.  62 

7.  06 

86.77  1 2.15 

July  23  to  27,  inclusive  (av- 

erage  of  15  analyses) 

126.3 

68.4 

57.  9 

2.  54 

.010 

.0389 

. 00004 

.664 

6.36 

78.  00  2.  24 

Julv  31  to  Aug.  6,  inclusive 

(average  of  18  analyses) . . 

117.  4 

75.  8 

41.  6 

2.  97 

.0136 

.023 

. 00006 

.596 

5.80 

71.  61  1.  57 

Sept.  28,  (average  of  5 

analyses! 

132.  4 

92.  6 

39.  8 

2.  74 

.001 

. 0185 

Trace. 

. 68 

....  .80 

July  16  to  Sept.  28,  inclu- 

! 

sive  (average  of  49analy- 

1 

ses) 

122.9 

74.9 

48 

2.69 

.0111 

.0308 

. 00007 

.63 

6.2 

81.39  i 1.83 

i 

; Table  26. — Comparison  of  analyses  of  tap  water  for  summer  period  of  1904^  and  1906. 

f ■ [Compiled  from  data  given  in  ‘ The  Potomac  River  Basin,”  Water-Supply  Paper  No.  192,  United  States 
’ Geological  Survey,  by  Horatio  M.  Parker,  1904,  and  analyses  made  in  the  Hygienic  Laboratory,  divi- 
sion of  chemistry.] 


Source  of  data. 

Period. 

Total  solids. 

Chlorine. 

Ammonia. 

Nitrites. 

Nitrates. 

Required  oxygen. 

Total  residue. 

Mineral  mat- 
ter. 

Volatile  mat- 
ter. 

Free. 

c 

a 

3 

Data  contained  in  bulle- 

June  3-Sept.  28, 

184 

144 

40 

46 

0.  037 

0.  28 

0.  0026 

0.39 

1.  79 

tin  of  Geological  Survey 

1904 

(average  of  10  analyses) . 

Hygienic  Laboratory,  di- 

July  16-Sept.  28, 

123 

75 

48 

2.  69 

.011 

.031 

.00007 

.63 

1.  83 

vision  of  chemistry  (av- 

1906. 

erage  of  49  analyses) . 

a Before  the  filter  plant  went  into  operation. 


TahtjK  27. — Results  of  analyses  of  miseellaneous  water  supplies:  (1)  Oovernmenl  JfospUal  for  the  Insane,  (2)  Soldiers’  Home,  and  (d)  Chevy  Chase. 
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Oxy- 
gen re- 
quired 

0.10 

.15 

.05 

.25 

.25 

.35 

io  o 

O CO 

t-H 

Per 
cent  of 
of  sat- 
ura- 
tion. 

111.5 
116.3 
126.8 
122.  9 

101.6 
96.5 

1 

95.80 

91.82 

104.63 

Tem- 

pera- 

ture. 

° C. 
18.5 
20.0 

18. 5 

19.5 

19.5 

24.0 

14.5 

14.4 

14.4 

22.0 

Dis- 

solved 

oxy- 

gen. 

10.65 
10.69 
12.0 
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